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ABSTRACT 
Relay intercropping soybean into wheat has great 
potential in Iowa by allowing two harvests on the same land 
area in the same year. Wheat is planted in September and 
soybean is interseeded into the standing wheat in May. This 
system can be important for Iowa by diversifying production, 
increasing farm productivity, and reducing soil erosion. 
A three year experiment was conducted near Boone, lA, to 
determine the effect of soybean planting dates and spatial 
arrangements on wheat and soybean in a relay intercropping 
system, and its relative agronomic efficiency. The 
experimental design was a split-plot with the main plots 
(planting dates) arranged in randomized complete blocks with 
three replications of each treatment. The soybean planting 
dates were: pre-heading=PDl, heading=PD2, and post-
heading=PD3. Five spatial arrangements (sub-plots) were used: 
1W:1S (one wheat row alternated with one soybean row), 2W:1S, 
2W:2S, 3W:2S, and 4W:3S. 
Wheat yield was reduced on average by 33% with soybean 
interplanting, and was proportionally lower than the reduction 
of wheat plant population during implementation of the skip-
row pattern (33 to 50%). Relay intercropped soybean produced 
73% of the sole crop soybean, indicating skip-row patterns are 
a good alternative for higher soybean yield. Soybean planting 
at wheat pre-heading or at heading was the best alternative 
X 
for this system. Arrangements producing the best soybean 
yields were not good wheat producers and vice-versa, 
suggesting that improvements in the yield of one crop will 
negatively affect the yield of the companion crop in a wheat-
soybean relay intercropping system. For soybean oriented 
producers, 2W:2S, 3W:2S and 4W:3S are good choices due to the 
high soybean grain yield. Arrangement IW:IS was intermediate 
for soybean and wheat yields. A land equivalent ratio (LER) of 
1.46, on average, demonstrated the agronomic efficiency of 
relay intercropping over sole cropping. 
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CHAPTER 1. INTRODUCTION 
Since the earliest times multiple cropping has been used 
by human groups in small fields as a way to provide food, 
stable production, and variety in the diet (Plucknett and 
Smith, 1986) . Multiple cropping can be defined as the 
intensification of cropping in temporal and spatial dimensions 
by cultivating two or more crops on the same field in one year 
(Andrews and Kassam, 1976). It is still practiced in 
developing countries, mainly by small farmers who try to 
utilize and maximize the scarce resources they have. 
In past decades, research was primarily directed towards 
improving the simpler situation where different crop species 
were grown separately. With the advent of mechanization, 
pesticides and synthetic fertilizers at low prices, 
polycultural systems shifted rapidly to monoculture systems 
mainly in developed countries. However, the continuous 
monoculture system has created some problems such as increased 
soil erosion, contamination by pesticides, and increased pest 
resistance (Horwith, 19 85). These problems have generated an 
interest among researchers to study and develop improved 
intercropping systems to alleviate the growing demand for 
food, to maintain biodiversity on the farms, and to explore 
the advantages of the system. 
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Navarro and Kass (1985) cited better utilization of 
resources, risk minimization and profit maximization, as well 
as input and output management flexibility as advantages of 
multiple cropping systems. Reduction of soil erosion and 
improvement of water infiltration (Fordham, 19 83), and reduced 
pest and diseases (Altieri and Liebman, 19 86) are other 
advantages. 
Multiple cropping is a general term used to classify two 
main practices: sequential cropping and Intercropping. 
Sequential cropping, a time dependent form of multiple 
cropping, is the growing of two or more crops in sequence on 
the same field in the same year. Intercropping, a space 
dependent form of multiple cropping, is the growing of two or 
more crops simultaneously on the same field. Intercropping is 
also divided in four categories: mixed, row, strip, and relay. 
Relay intercropping is described as the growing of two or more 
crops simultaneously during part of the life cycle of each 
where a second crop is planted before the first crop is 
harvested (Andrews and Kassam, 197 6). 
Relay intercropping is a system that can play an 
important role in increasing and diversifying grain production 
in areas where the growing season is too short to permit the 
cultivation of two crops in sequence. For instance, in the 
Southern United States, the growing season permits a soybean 
[Glycine wax (L.) Merrill] crop to be grown after a winter 
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wheat (Triticum aestlvum L.) crop; in the Midwest, however, 
the growing season is not long enough to allow acceptable 
soybean yield when planted after the wheat has been harvested. 
Relay intercropping soybean into a small grain crop has been 
done in the Midwestern United States in the past, mainly by 
planting soybean into wheat or oats {Avena sativa L.). This 
causes an overlapping of the crop species during part of the 
growing season. The main advantages of this system are the 
potential increase in land productivity, the possibility of 
planting soybean at an optimal planting date, and the improved 
soil conservation using the small grain as a cover crop (Chan 
et al., 19 80) . 
The success of relay intercropping soybean into wheat 
depends on several factors such as seeding methods, time of 
planting, mechanical damage on wheat and spatial arrangements. 
Winter wheat is seeded in late September. In April the wheat 
begins its spring growth and soybean is planted in mid-May. 
During the overlapping period, wheat grows faster than soybean 
due to the lower temperature requirement for photosynthetic 
efficiency, its greater leaf area and better competition for 
solar radiation, water, and nutrients. After wheat harvest, 
soybean experiences rapid growth without competition but 
normally not enough growth to attain the same yield level as 
when grown as a sole crop. 
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Aerial seeding of soybean into wheat was initially used 
but soon abandoned due to poor stand establishment and the 
difficulty of weed control (Jeffers et al., 1977) . The use of 
a no-till drill has shown better results in stand 
establishment (Brown, 19 82). However, soybean planting in 
solid stands of wheat causes greater competition for solar 
radiation, water and nutrients, with detrimental effects on 
soybean performance when compared to skip-row patterns. In a 
solid stand, the death of soybean seedlings (Chan et al., 
19 80; Goldmon, 1991), etiolation of soybean plants and the 
severing of their tops at wheat harvest (Reinbott et al., 
19 87) have been reported. Reduction of up to 80% in soybean 
yield (Goldmon, 1991), and mechanical damage on wheat 
resulting in yield loss (Caviness and Collins, 19 85) have also 
been observed. 
Mechanical damage on wheat plants caused by wheel 
traffic or planter units during soybean planting produces 
varying efffects. Whigham (1985) in Iowa and Chan et al. 
(1980) in Illinois reported no significant differences on 
small grain yield. However, Madden (19 89) in Iowa and Reinbott 
et al. (19 87) in Missouri reported approximately 20% loss in 
yield due to mechanical damage. Some options to reduce cereal 
crop damage are: soybean planting into the cereal crop before 
heading to permit the damaged plants to recover (Whigham and 
Bharati, 19 85), the use of narrow tractor tires and wider 
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seeding equipment to reduce damage (Caviness and Collins, 
19 85), and the use of skip-row planting patterns (Duncan et 
al., 1990). 
Planting of small cereal grain in skip-row patterns has 
been used with good results. Jeffers et al. (1977) reported 
some decrease in wheat yield but an increase in soybean yields 
with a skip-row pattern. Kaplan and Brinkman (19 84) also 
reported higher soybean yields when soybean was grown in gaps 
of oat and barley stands. Reinbott at al. (1987) reported that 
soybean yield was reduced only 27% in skip-row patterns 
compared to monocropped soybean. Unfortunately, there is a 
lack of current investigation in wheat - soybean relay 
intercropping evaluating spatial arrangements. 
Selection of methods to reduce the length of 
simultaneous competition is suggested to increase the yield of 
the second crop in relay intercropping systems (Whigham, 
1985). Planting dates of soybean into wheat have been 
evaluated with differing results. Small grain yields are 
generally great when soybean is seeded just before heading 
(Brown, 1982; Reinbott et al., 1987). Planting soybean too 
early increases the competition between crops, while planting 
after heading results in greater mechanical damage to wheat 
plants. Both planting periods reduce the yield of small 
grains. However, planting soybean after heading does result in 
higher soybean yields (Reinbott et al., 19 87). 
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Leaves are the key elements in light interception and 
crop productivity. Leaf area index (LAI) is a term used to 
quantify the existent leaf area in relation to the soil 
surface area occupied by the crop (Loomis and Williams, 1969). 
Shibles and Weber (196 5) observed that dry matter production 
was directly related to the energy intercepted by the leaf 
area. Leaf area can vary according to the environment where 
the plant is grown. In relay intercropping the second crop 
experiences greater shading from the taller crop, which 
reduces its LAI until the first crop is harvested. Sometimes, 
the negative effects of shading cannot be compensated later 
and the result is sub-normal performance of the second crop. 
According to Reinbott et al., (19 87), relay intercropped 
soybean plants that intercepted the most solar radiation 
presented the highest yields. The main effects of shading of 
wheat on soybean plants are etiolation, lodging, reduced LAI, 
and reduced yield. 
The most common index used to evaluate the performance 
of an intercropping system is land equivalent ratio (LER). 
Willey (1979a) defined LER as the relative land area under 
sole crops that is required to produce the yield achieved in 
intercropping. Land equivalent ratio is calculated by the 
following formula: 
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LER = Yi/Yg 
where: Y^ = yield of intercropped species, and 
Yg = yield of sole crop species. 
The sum of relative yields of all species in an 
intercropping system will give the index LER. The critical 
value is 1.0. Above this value the intercrop system is 
agronomically more efficient than sole crop, and below this 
value it is less efficient. 
Resource conservation and efficient utilization of the 
land are the most important concerns among Iowa's farmers. 
Relay intercropping wheat - soybean is appropriate for Iowa's 
growing season because it allows the production of two crops 
on the same field in the same growing season. The potential to 
reduce soil erosion through the establishment of soil cover, 
the diversification of production, and the increase in 
productivity of the land are other benefits of this system. 
Most of the studies have demonstrated higher agronomic 
efficiency of relay intercropping compared to sole cropping, 
and some have reported higher profitability of the system 
(McBroom et al., 1981a; Taylor, 1989; Duncan et al., 1990). In 
this study only agronomic characteristics and efficiency of 
relay intercropping were investigated and no evaluation of 
economic return was made. 
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The general objective of this study was to evaluate 
different management systems for relay intercropping soybean 
into winter wheat and to identify the combination of planting 
dates and spatial arrangements in a skip-row pattern that 
maximize soybean grain yield without seriously reducing wheat 
yield. 
The specific objectives of this study were to determine: 
1) the effect of soybean planting dates and spatial 
arrangements on selected characteristics of wheat and soybean 
in a relay intercropping system; and 
2) the productivity and the relative agronomic efficiency of 
this relay intercropping system. 
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CHAPTER 2. LITERATURE REVIEW 
Relay intercropping has been practiced for many years on 
small farms in tropical areas using several crop species. In 
temperate zones of the Northern Hemisphere this practice has 
been tried with various crops, and in the Midwestern United 
States soybean has been intercropped into a cereal crop, most 
frequently wheat. This system started to receive attention 
from researchers in the late 1960's and results have shown 
that it has potential to improve land use efficiency. However, 
results often differ according to the region where the 
investigation was performed. Some information is available and 
will be described to give some orientation and better 
understanding of this intercropping system. 
Method of planting and mechanical damage 
Aerial seeding of soybean into a cereal crop was the 
first tentative method of planting in relay intercropping. 
Although this method does not cause mechanical damage to wheat 
plants, it is highly dependent on adequate moisture in the 
soil for seed germination and emergence. Due to the poor stand 
establishment of soybean plants this seeding method is seldom 
recommended (Jeffers et al., 1977; Chan et al. , 1980). 
Soybean seeding with a no-till drill directly into a 
cereal crop between rows in a solid stand or in the skip-rows 
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has presented better results relative to stand establishment 
(Brown, 19 82) . 
Reports have not been consistent relative to the effects 
of mechanical damage suffered by cereal crops during soybean 
planting. In Iowa, Whighara (19 85) observed that soybean 
mechanical planting, after the heading stage of oat, appeared 
to cause some damage to the oat plants, but it did not reflect 
on the yield. On the other hand, Madden (1989) reported a 
reduction of wheat yield between 2 0 and 27% due to mechanical 
damage. Chan et al.{1980) reported no mechanical damage to 
oats and wheat in Illinois, however, a manual planter was used 
to interseed soybean into these two crops. A 14% wheat yield 
loss due to the interseeding of soybean was reported in Kansas 
by Duncan et al.,(1990), and 16% in Missouri by Reinbott et 
al. (19 87) . These authors observed that later plantings in the 
same season caused higher losses due to damage to wheat. Forty 
percent reduction in yield was reported by Caviness and 
Collins (19 85) in Arkansas. These authors observed that with a 
delay in soybean planting more mature wheat plants were less 
able to recover from the damage than younger plants. All these 
reports are related to soybean planting in a solid wheat 
stand. 
Few reports are found mentioning the effects of 
mechanical damage on wheat when using skip-row patterns. 
Reinbott et al. (19 87) reported that wheat yield was not 
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significantly affected by the date of planting in a skip-row 
pattern, but it decreased significantly as planting date was 
delayed in a solid stand. In Nebraska, Moomaw and Powell 
(1990) and Moomaw et al. (1991) observed some reduction in 
intercropped wheat yields when soybean was planted in a skip-
row pattern, but the mechanical damage was not quantified. 
Crabtree and Rupp (19 80) observed that the use of skip-rows or 
tramlines for the tractor resulted in less damage to the wheat 
crop. 
In general, it has been observed that soybean planting 
causes more mechanical damage on a solid wheat stand than in a 
skip-row pattern. To reduce mechanical damage on wheat, Chan 
et al. (19 80) suggested the use of wider small grain rows. 
Moomaw and Powell (199 0) and Brown (19 82) suggested the use of 
skip-row patterns in wheat fields for later soybean planting. 
The use of skip-row patterns is a good alternative in 
wheat - soybean relay intercropping because it allows more solar 
radiation to reach soybean plants. This pattern can increase 
soybean yield compared to soybean in a solid wheat stand, 
without a great reduction in wheat yield. Jeffers et al. 
(1977) reported a wheat yield decrease due to the skip-row 
pattern but soybean yield increased. In Kansas, skip-row 
patterns did not reduce wheat yield and resulted in greater 
soybean yield in two of four locations (Duncan and Schapaugh, 
1993). A 16% wheat yield reduction in a skip-row pattern was 
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observed by Reinbott et al. (19 87), but the reason could have 
been the lower plant density resulting from the introduction 
of this pattern. Lamm (1988) observed a 13% decrease in wheat 
yield and a 17% increased soybean yield in Kansas with 
intercropped skip-rows {0.76m) compared to intercropped solid 
seeded rows (0.25m). Moomaw et al. (1991) also reported some 
small grain yield reduction due to leaving skip-rows, but did 
not plant any soybean in these gaps. Just by increasing the 
spacing of a solid wheat from 0.25 to 0.50m, Graves et al. 
(1991) observed a 30% wheat yield reduction. By interplanting 
soybean into wheat, the yield loss was increased an additional 
5%. Results have varied according to the environment but in 
general the wheat yield is not significantly reduced while the 
soybean yield is significantly increased with a skip-row 
pattern. 
Time of soybean planting 
The time of soybean planting into the wheat is important 
for the success of this type of relay intercropping. Whigham 
(1985) reported a significant soybean yield increase when 
soybean was planted eight days before oat heading, compared 
with planting at the time of heading; and soybean yield 
decreased when planted eight days after heading. Sarobol 
(1986) suggests planting soybean at the pre-boot or boot stage 
of oat. Planting soybean at the heading stage of wheat 
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resulted in greater soybean yields, and a delay in soybean 
planting resulted in a significant decrease in wheat yield, 
mainly due to the traffic damage (Reinbott et al., 1987; 
Jeffers et al., 1977). Moomaw and Powell (1990) suggested 
introducing the relay intercrop system at an earlier 
vegetative stage of cereal grain to reduce the negative 
effects on yield by this system. However, planting soybean too 
early can increase the length of simultaneous competition and 
negatively affect both crops. Reinbott et al. (19 87) observed 
that an earlier soybean planting resulted in greater 
etiolation of soybean plants due to the solar radiation 
competition, and made them more prone to upper leaf clipping 
at wheat harvest. On the other hand, higher soybean yields 
were observed when soybean was planted after heading. The main 
reasons for these higher yields were better stands (Jeffers et 
al., 1977), shorter period of simultaneous competition, and 
less clipping damage during small grain harvest (Reinbott et 
al., 1987). It seems that the yield loss is correlated with 
the wheat growth stage at the time of soybean planting; the 
later the planting, the lower the wheat grain yield and higher 
the soybean yield. A successful implementation of a wheat-
soybean relay intercropping system must minimize damage to the 
standing wheat and permit soybean plants to compete with the 
taller and more vigorous wheat plants (Duncan et al., 1990). 
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Leaf area index 
The amount of photosynthetic active radiation 
penetrating through a crop canopy is influenced by leaf area 
index (LAI) and pattern of leaf display. The proportion of 
solar radiation penetrating through a crop stand decreases as 
LAI increases. Shibles and Weber (1965) observed that the 
interception of light directly increased with leaf area 
development during soybean vegetative growth, and the rate of 
dry matter production was directly proportional to the energy 
intercepted. In the same way, Evans (197 5) reported the rate 
of crop photosynthesis depends on LAI and the structure of the 
canopy, and on photosynthetic rate per unit leaf area. Canopy 
competition reduces photosynthesis due to a reduction in 
quantity and quality of solar radiation received by leaf 
surfaces. In a horizontal leaf canopy, the upper leaves tend 
to be saturated by solar radiation and the lower ones 
deficient due to shading. Plants with a vertical leaf canopy 
should be more efficient per unit of radiation intercepted by 
allowing more solar radiation to penetrate deeper into the 
canopy. The more ideal leaf foliage display must have 
vertically inclined leaves at the top of the canopy and become 
more horizontal deeper into the canopy (Brown, 19 84). In this 
way, a wheat - soybean relay intercropping is similar to this 
ideal arrangement because wheat displays more vertical leaves 
while soybean displays them more horizontally. 
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The critical LAI of a crop canopy is defined as the leaf 
area at which 9 5% of solar radiation interception is achieved 
and the crop growth rate reaches its maximum value (Hay and 
Walker, 1989). Each crop presents a different critical LAI as 
follows: white clover = 3.0, red clover = 4.8, perenial 
ryegrass = 6.0, maize = 7.4 (Hay and Walker, 1989), soybean = 
3.2 (Shibles and Weber, 1965), and wheat = 4.7 (Ali, 1990). 
Yield compensation 
Yield compensation for a loss in plant population 
normally occurs in cereals when planting in skip-rows. In rice 
it was observed that the outermost row in a skip-row pattern 
consistently gave a significantly higher rice yield than the 
center rows, due to the greater solar radiation intercepted 
(Gomez and Datta, 1971). In a skip-row treatment in which 
every third row of rice was absent during the life cycle, rice 
grain yield was 14% higher than sole rice and 3 0% higher than 
intercropped rice (Aggarwal et al., 1992). This suggests that 
the remaining rice rows fully compensated for the lost 
production of the absent plants. Similar results have.also 
been reported by Rathi and Verma (1974). When two adjacent 
rows of winter wheat were removed, there was an increase in 
solar radiation intercepted, and of water and minerals 
available to the bordering rows. As a result, these border 
rows produced a considerably higher yield which largely 
16 
compensated for the uncropped areas (Darwinkel, 19 84) . Dryland 
winter wheat grown in Texas with skip-row planting resulted in 
lower yields than equidistant - row planting (Winter and Welch, 
1987). The same result was obtained with barley {Hordeum 
vulgare L.) by Sharratt and Cochran (1983). Higher tiller 
density resulted in a higher head density for the equidistant-
row planting and, subsequently, a higher grain and straw 
yield, compared to skip-row planting. From the results 
presented one can assume that the response of the plant to 
compensate for absent plants varies according to the condition 
and circumstances where the experiments are performed. 
Plant competition 
Plants compete for limited resources that are essential 
for plant growth and development (solar radiation, water, 
nutrients, carbon dioxide) and the competition among plants 
may alter growth parameters. In intercropped soybean, stand 
reduction, lack of vigor early in the season, and shorter 
plants as a result of wheat competition have been observed 
(Chan et al., 1980; McBroom et al., 1981b; Beuerlein and 
LaFever, 19 89). Competition is usually more intense for a 
given resource where that resource is limited and competition 
for all resources is more intense where density or biomass is 
greatest (Goldberg, 1990). 
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Unlike water and nutrients, solar radiation is a 
resource that cannot be stored for later use. If it is not 
intercepted by chloroplasts in the leaves or other parts of a 
plant it is effectively lost. Trenbath (19 86) points out that 
light efficiency depends primarily on two factors: capture 
(product of interception and absorption) and conversion 
(product of conversion into whole-plant biomass and harvest 
index) efficiencies. In a sole crop system, all incoming 
radiation is received by the crop, so conversion efficiency is 
more important. In an intercrop system, two crops are 
competing for a fixed amount of solar radiation, so capture 
efficiency is more important. Since solar radiation is 
absorbed primarily by the leaves, the species having the 
greatest leaf area dominate in solar radiation absorption 
(Trenbath, 1976). 
Shading causes several negative effects on the growth 
and yield of soybean. Enyi (1973) reported that reduced light 
intensity due to increased plant density caused a reduction in 
the number of branches and total dry matter per plant, while 
plants generally were taller and had fewer nodes. Similar 
results were found by Inada and Nishiyama (19 87) when they 
simulated vegetation shade on sole soybean. The yield and 
vegetative growth of soybean decreased with increased shade 
levels (Wolff and Coltman, 1988; Santhirasegaram and Black, 
196 8), and the total number of nodes on the branches was 
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inveisely proportional to the number of weeks in shade (Acock 
and Acock, 19 87). 
In an intercropping system, species normally differ in 
height, leaf distribution in space, and other morphological 
characteristics that may cause plants to compete for light 
energy. The potential shares of solar radiation that will be 
gained by components of an intercropping system are determined 
by the relative heights of their canopies and by the 
efficiency with which they intercept and absorb solar 
radiation (Trenbath, 1976). Francis (1985) reported that any 
differences in plant growth between intercrop and monocrop, 
such as differences in leaf area, are an indication of 
competition during vegetative development. Normally the second 
crop planted experiences a greater shading effect from the 
taller crop component and has a lower optimum LAI (Beets, 
1982). Allen et al. (1976) reported that the use of solar 
radiation is different between sole and intercrop systems. In 
intercropping, the shade caused by the taller crop reduces the 
amount of solar radiation to the shorter crop. Increasing the 
depth of the canopy, exposes the shorter crop to a lower 
radiation level and causes a decrease in carbon dioxide 
fixation. Wheat normally does not experience problems due to 
shade in wheat - soybean relay intercropping systems because it 
is ready for harvesting when soybean begins to compete for 
solar radiation. On the other hand, soybean normally 
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experiences very strong competition for solar radiation when 
intercropped. When soybean was intercropped with maize, Chui 
(19 82) observed that the number of soybean leaves per plant 
was reduced (LAI decreases by 7 5%), as were phytomass and the 
yield of soybean, whereas height and lodging of soybean 
increased. Jeffers and Tripplet (1979) reported that soybean 
plants relay intercropped into wheat did not grow very much 
before wheat harvest. The greater the length of competition 
for light, the greater etiolation of soybean plants, which 
resulted in clipping the tops of soybean plants at wheat 
harvest and the concomitant reduction of yields (Reinbott et 
al. , 19 87 ) . 
Since solar radiation affects the development of the 
second crop, the choice of planting patterns may be crucial 
for intercropping. Some types of manipulation may alleviate 
the competition for solar radiation and maximize the yield of 
the second crop introduced. Efficiency of light interception 
can be increased significantly by arranging the component 
species: the upper leaves should consist of species adapted to 
high light intensities whereas more shade tolerant species 
will receive the solar radiation transmitted deeper into the 
canopy. Chui (19 82) alleviated slightly most of the 
intercropping effects on growth attributes and yield 
components of soybean by grouping maize plants three to a 
hill, by increasing the maize intra-row space, and by reducing 
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the closeness between the two species. Board et al. (1990) 
suggest that cultural and genetic manipulation that increases 
LAI to create greater solar radiation interception from 
emergence to stage R5 should result in higher soybean yields 
at late planting dates. The use of skip-row patterns is a good 
way to improve light absorption by soybean relay intercropped 
with wheat and to increase soybean yields (Jeffers et al., 
1977; Kaplan and Brinkman, 1984; Reinbott et al., 1987). 
Competition for water is also expected in relay 
intercropping systems. When soybean is relay interplanted into 
the wheat, the wheat crop is usually well-established and 
dominates the competition for solar radiation and moisture 
during the overlapping period. Any moisture stress during this 
period will be observed initially in soybean. Demand for water 
will increase as both crops develop, and if soil water 
reserves are depleted, interplant competition for this 
resource will develop. Plant distribution and efficiency of 
the different systems accounts for the specific effects of 
water stress. The most general effects of water stress in 
plants are reduction in plant size, leaf area, and crop yield 
(Kramer, 19 83). According to this author, seed germination and 
seedling establishment are often inhibited under water stress, 
resulting in a poor stand. Vegetative growth is severely 
inhibited by relatively moderate stress while the reproductive 
stage is very sensitive to water stress. Restriction of the 
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development of soybean leaf area during drought stress periods 
has been reported by Sivakumar and Shaw (197 8) and 
Laohasiriwang (1985), Water stress on soybean plants during 
flower induction shortened the flowering period and caused 
flower abortion, while stress during pod filling reduced seed 
number and weight (Sionit and Kramer, 1977) . In wheat - soybean 
relay intercropping, any moisture stress will initially affect 
soybean plants due to the restricted rooting environment. 
However, the second crop can suffer less stress under certain 
conditions. The shorter intercropped species would experiences 
less evapotranspiration and could be under less moisture 
stress due to the shade of the taller crop (Allen et al., 
1976). After harvest of the first crop, less stress could also 
be experienced by the second crop due to the additional 
resources that become available to the plants remaining in the 
field. Wheat - soybean relay intercropping where the stubble of 
wheat plants remains in the field will cover part of the soil 
and cause some shade on otherwise bare areas of the soil 
surface, reducing water stress on soybean. 
Agronomic evaluation of intercropping 
Different indices have been suggested to evaluate 
productivity and efficiency per unit area of land for 
intercropping systems. These include comparisons of absolute 
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yields, protein yields, caloric equivalents, gross economic 
return, and land equivalent ratio (Ofori and Stern, 1987). 
Land equivalent ratio (LER) is defined as the total land 
area required by sole crops to provide the same yield obtained 
by an intercropping mixture grown on a unit area (Huxley and 
Maingu, 1978; Willey, 1979a). LER is commonly used to assess 
the performance of an intercropping system relative to the 
corresponding sole crops within a particular season (Fukai, 
1993). According to Willey (1979b), it is probably the most 
useful term available. 
The LER index is easy to interpret. The value 1.0 is the 
critical value, above which the intercropping system is more 
favorable than the sole crops, and below which the sole crops 
are more favorable (Vandermeer, 19 89). 
Mead and Willey (19 80), used the following formula to 
calculate LER: 
LER = L^ + Lg = IA/SA IB/^B 
where L^ and Lg are the LER's of individual crops, and Ig 
are the individual crop yields in intercropping, and and Sg 
are the individual crop yields of sole crops. 
The advantage of using LER is that it provides a 
standardized basis so component crop yields can be added to 
form combined yields (Mead and Willey, 19 80), and provides a 
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quantitative evaluation of the yield advantage due to 
Intercropping (Willey, 1979a). 
According to Ofori and Stern (1987), LER is considered 
the most appropriate general function to determine the 
efficiency of an intercropping system. However, some doubts 
exist about calculating LER using different sole crop values 
as standardization factors. Ofori and Stern (19 87) concluded 
that the choice of sole crop yield for standardization in the 
estimation of LER is not clear and a generalization is not 
possible. 
The LER index can be easily used by producers to assess 
relay intercropping. By knowing the individual components (eg. 
L^ and g), producers can make agronomic and economic decisions 
according their own needs. 
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CHAPTER 3. MATERIALS AND METHODS 
Field experiments were conducted in 1991, 199 2 and 199 3 
at facilities of the Iowa State University Agronomy and 
Agricultural Engineering Research Center near Boone, Iowa. In 
1991 and 1993, the Burkey Farm was the experimental site where 
the soil is a Clarion (Typic Hapludoll) loam. The 1992 
experiment was conducted at the Bruner Farm where the soil 
series consists of a Canisteo (Typic Haplaquoll) silty clay 
loam and a Nicollet (Aquic Hapludoll) loam. 
The experimental design was a split-plot with the main 
plots arranged in a randomized complete block and with three 
replications of each treatment. The main plot consisted of 
three soybean planting dates at the pre-heading, heading, and 
post-heading stage of wheat development, referred to as PDl, 
PD2 and PD3, respectively. The subplots consisted of five 
wheat - soybean relay intercropped spatial arrangements with 
different patterns. The spatial arrangements for wheat (W) and 
soybean (S) rows were: 1W:1S (one wheat row alternated with 
one soybean row), 2W:1S, 2W:2S, 3W:2S, and 4W:3S. Sole crop 
wheat and sole crop soybean completed the seven treatments 
used in sub-plots for each planting date. Details of the sub­
plot spatial arrangements are given in Figure 1. 
In all three years of the experiment, spring oat was the 
previous crop grown to maturity, harvested for grain and the 
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Figure 1. Wheat and soybean spatial arrangements evaluated. 
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stubble disked as necessary to bury the remaining straw. A 
field cultivator was used for final wheat seedbed preparation 
just prior to wheat planting. Siouxland, a hard red winter 
wheat variety was seeded in the early Fall of 1990, 1991, and 
1992 (see Table 1 for exact planting dates). Each year wheat 
was bulk seeded with a small grain drill in 25 cm row spacing 
at the rate of 100 kg ha'^, generally in the north-south row 
direction. 
Fertilizers were applied according to soil test results 
from the ISU soil testing laboratory. In September of 1990, 
the fertilizer rate applied was 0-23-125 (elemental N, P, and 
K) kg ha'l after oat harvest. In September of 1991 and 1992, 
the applied rate was 0-45-135 (elemental N, P, and K) kg ha"^ 
after oat harvest. After wheat resumed growth in the Spring, 
in each of the three years, elemental N was applied at the 
rate of 60 kg ha'^. No fertilizer was applied directly for 
soybean. 
During Fall and after wheat emergence, all plots were 
marked with dimensions of 5.75 m width by 6.00 m length. The 
same space was left as border on all sides for turning field 
equipment. All treatments were randomized among the plots. The 
harvest area varied according to the treatments as follows: 
4.50 m^ for treatments 1W:1S and 2W:2S; 5.6 3 m^ for sole crop 
wheat; 6.75 m^ for 2W:1S, 3W:2S and sole crop soybean; and 
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Table 1. Dates of planting and harvesting of sole and relay 
intercropped winter wheat for the 1991, 1992, and 
19 9 3 exper iments . 
Year^ Planting date Harvest date 
1991 9/24/90 7/02/91 
1992 9/25/91 7/10/92 
1993 9/23/92 7/19/93 
^Indicates year in which the experiments were harvested. 
9.00 m^ for treatment 4W:3S. The skip-row patterns to perform 
the five spatial arrangements were prepared by removing some 
wheat rows with hand-hoes during Spring of 1991 and with 
wheel-hoes early during the Fall of 1991 and 1992. The number 
of wheat rows left and removed (skipped) from the field to 
perform the appropriate treatments were: 1 and 1 for treatment 
1W:1S; 2 and 1 for treatment 2W:1S; 2 and 2 for treatment 
2W:2S; 3 and 3 for treatment 3W:2S; and 4 and 4 for treatment 
4W:3S. Due to removal of wheat plants for the planned 
treatments, the intercropped arrangements were left with 50% 
of the normal sole crop wheat plant population, excepting the 
treatment 2W:1S which was left with 67%. In 1992 and 1993, 
winter injury reduced the wheat plant stand density of the 
remaining rows in the field approximately 30%. Within the 
plot, the number of delineated rows for harvesting were 2, 4, 
2, 3, 4, and 5 for treatments 1W:1S, 2W:1S, 2W:2S, 3W:2S, 
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4W:3S, and sole crop wheat, respectively. Each harvest row 
was 4.5 m long. The borders were cut with hand sickles in 1991 
and with a weed-eater in 1992 and 1993 at 0.30-0.40 m height 
above the soil and were removed from the plot. A plot combine 
was used for harvesting all three years with the header 
operated just above the soybean tops to minimize clipping of 
the upper leaves and nodes (see Table 1 for wheat harvest 
dates). Before wheat harvesting, the height of plants were 
determined by measuring the distance from the soil level to 
the top of the kernels on the inflorescences. In 1991, ten 
randomly selected plants per plot were used for height 
determination, and in 199 2 and 199 3 five plants were randomly 
selected per wheat row in the harvest area. Lodging of wheat 
plants was determined by rating the harvest area with the 
following screening system: 1= all plants erect (90°) ; 2 = 25% 
inclination; 3 = 50% inclination (45°) ; 4=75% inclination; and 
5=all plants lodged parallel to the soil. Following harvest, 
the seeds were collected in cloth bags and artificially dried 
at 60°C for 7 2 hours to achieve a uniform moisture for 
weighing. Seeds were further cleaned by hand and moisture was 
determined. Yields were adjusted to 13% moisture. Hectoliter 
weight and one thousand seed weight measurements were also 
taken on all wheat samples, with the exception of hectoliter 
weight in 199 3, due to the lack of seeds for such a 
measurement caused by a very poor yield. 
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Each spring soybean was planted at dwtermined stages of 
wheat development [according to Tottman et al. (1979)] in the 
skip row space with a no-till drill that provided the 
necessary row spacing to perform the treatments. Sole crop 
plots were prepared by mowing and removing wheat plants from 
the plots and by rototilling the soil about three weeks before 
planting in the spring of 1991. For 1992 and 1993 experiments, 
wheat plants were removed during the preceding Fall with 
wheel-hoes and maintained as clean plot until planting. Sole 
crop soybean and intercropped soybean were planted at the same 
time for each planting date (See Table Al for exact planting 
dates and wheat stages of development). Pella-86, an 
indeterminate early maturity group III soybean variety was 
selected for its high yield in central Iowa (Goldmon, 1991). 
The distance between soybean rows and the seeding rate per 
meter of row for treatment 2W:1S was 0.7 5m and 41 seeds, 
respectively. For all other treatments these values were 0.50m 
and 27 seeds, respectively. The soybean plant population was 
based on 37 0,000 plants per hectare for sole cropping. Seeding 
rate was corrected to 100% of viable seeds and had an 
additional of one third seeds for each treatment. Willey 
(1979b) suggested higher plant population in intercropping 
systems, especially where there are temporal differences 
between component crops. The seeding rate per hectare, the 
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final plant population and their relations can be visualized 
in Table A2. 
During the three years all plots were hand-hoed and 
wheel-hoed when necessary to control weed competition. In 
1993, a Spring application of a low volatile ester formulation 
of 2,4-D [(2,4-dichlorophenoxy) acetic acid], at a rate of 
0.53 kg ha'^ of active ingredient, was made before soybean 
planting to control a severe infestation of wild buckwheat 
{Polygonum convolvulus). The major broadleaf weeds were 
pigweed (Amaranthus sp.), cocklebur {Xanthlum strumarium), and 
lambsquarter {Chenopodlum album) .  
After soybean emergence, soybean plant heights were 
determined once a week until the R6 stage, by measuring the 
distance from the soil level to the terminal node of five 
randomly selected plants from the whole plot in 1991, and from 
each row inside the harvest area in 1992 and 1993. Also, 
soybean stages of development were recorded every week from 
emergence until harvesting, according to Fehr and Caviness 
(1977) . 
Leaf area was determined by sampling soybean plants just 
before wheat harvest and after wheat harvest, every other 
week, until an increasing of leaf fall was observed for each 
planting date. Sampling was performed by taking five 
randomized plants from the harvest area in 1991, and by taking 
five randomized plants from each row inside the harvest area 
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in 1992 and 1993. Whole plant samples were placed in plastic 
bags, sprayed with water to maintain turgidity and stored in 
an ice cooler until leaves were separated from the plants. 
Leaf area was measured with an LI-3100 area meter (Lambda 
Instruments Corp. Lincoln, NE) in the laboratory. The soil 
area occupied by the five plants sampled was calculated based 
on the total plants in the harvest area in 1991, and based on 
the total plants per row on the harvest area in 1992 and 1993. 
Leaf area index (LAI) was then calculated by dividing the leaf 
area (cm^) by the soil area (cm^). 
Final plant population was tabulated all three years 
prior to harvesting. Lodging of soybean plants were scored 
according to the same scale used for wheat. To determine seed 
yield, the number of soybean rows delineated for harvesting 
were 2 for treatments 1W:1S, 2W:1S, 2W:2S and 3W:2S, and 3 for 
treatments 4W:3S and sole crop soybean. The borders were cut 
with a sickle-bar and removed from the plot just prior to 
harvesting. The soybean yield components were determined based 
on samples of ten randomly selected plants in 1991 and on 
samples of 1.0 m row taken from each soybean row in the 
harvest area. The number of pods per plant was calculated by 
counting the total number of pods and dividing by the number 
of plants sampled. The number of seeds per pod was calculated 
by dividing the total number of seeds from the sample by the 
total number of pods. One thousand seeds were weighed from 
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each sample. Soybeans were harvested with a plot combine, and 
seeds were collected in cloth bags and artificially dried at 
60°C for 72 hours. Seeds were further cleaned by hand and 
moisture content was determined. Yield and weight of one 
thousand seeds were adjusted and reported as 13% moisture. 
For statistical purposes the variables which were 
sampled by row in 1992 and 1993 (height of plants, leaf area 
index, pods per plant, seeds per pod, weight of one thousand 
seeds for soybean, and height of plants for wheat) had, by 
chance, only the left row (counting on the base line in front 
of the plot from the left to the right side) analyzed when two 
rows were sampled. When the treatments had more than two rows 
of soybean and wheat sampled, two analyses of variance were 
run: one using the left row for these treatments, and other 
using the second or center row of these treatments. Soybean in 
treatment 4W:3S was analyzed by using the left row and also 
with the center row in comparison with the other treatments 
that had only the left row compared. The center row did not 
receive the same competition for water, light and nutrients 
from the wheat plants as the lateral rows. As the lateral rows 
were equidistant from the wheat plants and were considered to 
present a similar response, only one of the lateral rows was 
used in the analyses of variance. 
During winter 1993, wheat plants from the third 
replication were smothered and killed due to ice formed on the 
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ground, so only two replications of the experiment were used 
that year. 
The variables recorded for winter wheat were grain 
yield, weight of thousand seeds, hectoliter weight, height and 
lodging. For soybean, the variables recorded were grain yield, 
final plant population, lodging, pods per plant, seeds per 
pod, weight of one thousand seeds, height and leaf area index. 
Land equivalent ratio was calculated based on the grain yield 
of both crops. The measured variables vary greatly from year 
to year. The results are often unpredictable. Thus, the 
interaction YR*PD'*A was used as a conservative error term for 
testing spatial arrangements, the Interaction of spatial 
arrangements and planting dates, and the contrasts. Planting 
date had the interaction PD*Rep(YR) as the error term in the 
combined data, and the interaction Rep*PD as the error term in 
one-year analyses. The error term for year was 'replications 
nested within years [Rep (YR)]'. The difference among 
treatment means for each variable, measured by the F-test at 
0.05 or 0.01 probability level, was further separated using 
the least significant difference (LSD) method at the 0.05 
probability level. 
Contrasts of spatial arrangements were analyzed 
individually for all variables of wheat and soybean. The 
contrasts (C) performed for wheat were: 
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CI = 1W:1S + 2W:1S + 2W:2S + 3W:2S + 4W:3S versus sole crop 
wheat; 
C2 = 2W:1S + 2W:2S versus IW:IS + 3W:2S + 4W:3S; 
C3 = 2W:1S versus 2W:2S; 
C4 = 1W:1S versus 3W:2S + 4W:3S; and 
C5 = 3W:2S versus 4W:3S. 
The contrasts performed for soybean were: 
CI = 1W:1S + 2W:1S + 2W:2S + 3W:2S + 4W:3S versus sole crop 
soybean; 
C2 = 1W:1S + 2W:1S versus 2W:2S + 3W:2S + 4W:3S; 
C3 = 1W:1S versus 2W:1S; 
C4 = 2W:2S + 3W:2S versus 4W:3S; and 
C5 = 2W:2S versus 3W:2S. 
In the text, contrasts will be referred as CI, C2, C3, 
C4, and C5. 
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CHAPTER 4. RESULTS AND DISCUSSION 
This field experiment was conducted to determine the 
effect of spatial arrangements and soybean planting dates on 
the main characteristics of wheat and soybean in a relay 
intercropping system. 
Results will be presented separately for each crop, most 
of them as average across years (combined data) due to a non­
significant interaction among the main plot (planting date) 
and sub-plot (spatial arrangements) treatments. 
The monthly precipitation during the growing season 
varied greatly during the three years of this study (Table 
A3). In 1991, a very rainy spring caused a delay in the normal 
development of wheat and, consequently, a delay in soybean 
planting. This rainy weather was also responsible for a severe 
attack of leaf rust (Puccinia graminis) and Septoria leaf spot 
{Septorla trlticl) on wheat leaves. From June to September 
there was a moisture deficit that affected mainly the third 
soybean planting date. In 1992, the rainfall distribution was 
very irregular. A moisture deficit occurred in May and June 
causing a severe drought stress. As a consequence, the third 
soybean planting date {PD3) was greatly affected with death of 
soybean seedlings in the spatial arrangement 2W:1S and 
germination failure in some of the other arrangements. Other 
relay intercropping studies reported stand failures (Chan et 
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al., 1980; Madden, 1989) and even death of soybean plants with 
inadequate soil moisture at the time of soybean germination 
(Goldmon, 1991). Wheat yield was also affected by this dry 
period. Rainfall in July 1992 was almost three times the 
normal precipitation, but in August a very low precipitation 
level occurred. The excess rain in July caused some lodging in 
sole crop soybean. In 1993, a moisture deficit in April was 
followed by an excess of rainfall from May to September that 
resulted in a very severe attack of leaf rust, Septoria leaf 
spot and barley yellow dwarf virus (BYDV) on wheat plants. On 
soybean the result was excessive foliar development, which 
increased lodging level. These factors were detrimental to the 
yield of these two crops. 
Wheat response 
Grain yield 
Data from the three years are presented averaged across 
years due to a non-significant interaction among soybean 
planting dates and spatial arrangement treatments. Year and 
spatial arrangements were the factors with significant effects 
on grain yield (Table A4). 
Each year the grain yield varied significantly (Table 
2) and the apparent reason was related with pluviometric 
precipitation from early spring to the time of wheat 
harvesting each year. The highest wheat grain yield was 
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Table 2. Mean values^ of yield, weight of 1000 seeds and 
hectoliter weight of sole and relay intercropped 
wheat plants as affected by spatial arrangements, 
planting dates and years in combined data. 
Factors Yield^ Weight of2 Hectoliter^ 
1000 seeds weight 
kg ha'l g kg m"^ 
Spatial arrangements 
Sole wheat 2184 a 30 .88 760.6 
IW: IS 1637 b 31 .08 775 .3 
2W: IS 1625 b 31 .69 768 .6 
3W:2S 1407 b 31 . 06 769 . 8 
2W:2S 1387 b 31 .41 772 .1 
4W:3S 1218 b 31 .46 769 . 8 
LSDQ . 0 5  419 NS NS 
SE 145 0 .26 5.4 
Plantina dates 
PDl 1636 31 .21 768 . 0 
PD2 1552 31 .46 779 .0 
PD3 1539 31 .11 762 .0 
LSDo.05 NS NS NS 
SE 51 0 . 14 1.7 
Years 
1992 2941 a 39 .88 a 816.1 a 
1991 1043 b  25 .47 c 714 .3 b  
1993 312 c 31 .11 b  
LSDQ , 0 5  129 0 .61 10 .23 
SE 35 0 .17 2 .6 
%eans followed by the same letter are not significantly 
different according to the LSD test (0.05). NS=not significant 
according to the F-test. 
^Results of combined data from years 1991, 1992, and 1993. 
^Results of combined data from years 1991 and 1992. 
38 
obtained in 1992 but it was lower than normal. In similar 
conditions in Iowa, Goldmon (1991) reported an average of 4592 
kg ha'l of wheat in a wheat - soybean relay intercropping 
experiment, 56% more than the yield obtained in this 
experiment in 1992. A two-month dry period in May and June 
(only 41.0 mm of rain) occurred from pre-boot stage to 
physiological maturity, a very critical and sensitive stage of 
reproductive development. The consequence was a reduction in 
yield. In 1991, the grain yield was 35% of that obtained in 
1992. This response was due to the high rainfall (364.7 mm) in 
April and May (Table A3) that favored a severe attack of leaf 
rust and Septoria leaf spot. During and after heading the 
leaves were almost completely covered by rust and spots, 
leaving few green parts on the leaves for photosynthesis. In 
1993, very poor yield (only 312 kg ha"^) was obtained due to 
the excess May-July rainfall (795.8 mm) that caused a very 
severe attack of leaf rust, Septoria leaf spot and barley 
yellow dwarf virus. These three diseases were responsible for 
an early death of wheat leaves, a forced early maturity and, 
consequently, a severe reduction in the yield. 
Spatial arrangements significantly influenced grain 
yield (Table A4). Sole crop wheat yielded significantly more 
than relay intercropped wheat, but no differences were 
observed among relay intercropped arrangements (Table 2). In 
general, greater yield reduction was observed on spatial 
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arrangements with larger number of missing wheat rows. 
Contrast CI (Table A4) was the only contrast that separated 
significant differences between means. Sole crop wheat 
produced 729 kg ha"^ more than the mean of intercropped 
treatments (data not shown). On the average, there was 33% 
yield reduction in the intercropping system. This value was 
higher than the 16% found by Reinbott et al. (19 87) in 
Missouri and 14% by Duncan et al. (1990) in Kansas, and close 
to the 34% reduction in small grain yield reported by Moomaw 
and Powell (1990) in Nebraska. Mechanical damage during 
soybean planting has been reported as a possible cause of 
wheat yield reduction in intercropping. Unfortunately, and as 
in the case of Moomaw and Powell (199 0), we did not quantify 
wheat yield reduction due to mechanical damage and skip-row 
pattern. The 33% wheat yield reduction was proportionally less 
than the reduction in plant population due to skip-rows for 
most of the intercropped arrangements (33% for spatial 
arrangement 2W:1S and 50% for the others). This difference 
suggests that there was a compensatory effect on the remaining 
plants for the absent plants by better utilizing their 
environment. By eliminating wheat rows, more solar radiation 
was intercepted and more water and nutrients made available 
for the remaining plants, allowing for the compensation 
observed. 
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Soybean planting dates did not significantly influence 
wheat grain yield. 
Weight of one thousand seeds 
Data from three years were analyzed together. Year was 
the only factor that significantly influenced the weight of 
thousand wheat seeds (Table A4). This parameter presented 
significant differences among years and it was largest in 1992 
(Table 2), Weight of one thousand seeds is considered one of 
the primary wheat yield components, together with number of 
spikes per area and number of seeds per spike. In cereals, the 
yield components are determined sequentially during plant 
development and the components initiated later tend to 
compensate for reduction in the component earlier developed. 
In 1992 a dry period of two months from the pre-boot stage to 
physiological maturity was responsible for a decrease of grain 
yield. However, the weight of thousand seeds was very high, 
25% larger than those obtained in normal years by Madden 
(19 89) and Goldmon (1991) in similar experiments in Iowa. 
Although the number of spikes per area and the number of seeds 
per spike were not measured, it is supposed that there was an 
early abortion of flowers in the developing inflorescences 
during the dry period, reducing the number of seeds per spike. 
This lower number of seeds per spike was partially compensated 
for with a complete filling of the remaining seeds. The same 
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explanation is given for the 1993 results when a very poor 
grain yield was obtained but a normal weight of thousand seeds 
was attained. A small number of seeds was produced but they 
were filled normally. In 1991, weight of one thousand seeds 
was the lowest for all years. Normal spikelet formation and 
seed development occurred until the end of May due to good 
soil moisture. However, some moisture deficit occurred in June 
accompanied by rust and Septoria leaf spot which covered the 
leaves and reduced photosynthesis. These adverse effects must 
have affected the grain filling period by reducing the weight 
of seeds. The low level of photosynthate was equally shared 
among the seeds in the spike, resulting in a smaller portion 
for each seed. 
Weight of one thousand seeds was significantly (P=0.002) 
correlated with yield (Table A5). 
Soybean planting dates, spatial arrangements and their 
interactions did not affect this parameter (Table A4). 
Hectoliter weight 
The hectoliter weight was not recorded in 1993 because 
insufficient seed was produced for reliable measure, so only 
the combined data for 1991 and 1992 were analyzed. 
Year was the only factor that influenced hectoliter 
weight significantly (Table A4). Combined mean values are 
presented in Table 2. The hectoliter weight was significantly 
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higher in 199 2 than in 1991. The same explanation given for 
weight of thousand seeds is valid here. An early abortion of 
flowers in the wheat inflorescence during the moisture 
deficiency in May-June 1992, and complete filling of the 
remaining seeds would be the reason for the large value of 
hectoliter weight in 1992 . These results were 12% higher than 
Madden's (1989) results. Results obtained in 1991 were normal, 
2% less than Madden's(1989). 
No significant effects were observed due to planting 
dates, spatial arrangements or their interactions (Table A4). 
Height 
In 1991, soybean planting dates and spatial arrangements 
significantly affected the height of plants. No interaction 
was observed. Only the contrast CI (sole crop versus 
intercrop) detected a difference between the means (Table A6). 
Planting date in 1991: The height of plants in 1991 
was similar for PD2 and PD3 and significantly superior to PDl 
(Table 3). The difference in height was approximately 4.0cm, a 
very low difference that probably occurred due to the 
randomized measurement. This low difference did not reflect on 
yield or yield components, as can be seen in Table 2. 
Spatial arrangements in 1991: Sole crop wheat plant 
height was not significantly different from that of 2W:1S and 
43 
Table 3. Mean^ values of maximum height and lodging of sole 
and relay intercropped wheat plants as affected by 
spatial arrangements, planting dates and years in 
1991 and in combined data. 
Factors Height^ Height^ Height^ Lodging^ 
cm cm cm 
Spatial arrangements 
Sole wheat 103.2 a 92 .1 a 92 .1 a 1 .92 
2W:1S 100.6 ab 83 .5 b 83 .5 b 1 .93 
1W:1S 100.2 ab 82 .2 b 82 .2 b 1, .63 
3W:2S 99.3 b 82 . 6 b 83 .1 b 1 .69 
4W:3S 98.0 b 82 .0 b 82 .0 b 1, .65 
2W:2S 97 .7 b 81 .8 b 81 .8 b 1, .75 
LSDQ.05 3.1 4 .0 3 .5 NS 
SE 1.05 1 .32 1 . 17 0 , . 13 
Planting dates 
PD2 101.5 a 83 .6 83 .6 1.78 
PD3 100,7 a 84 .8 84 .6 1, .91 
PDl 97 .4 b 83 .8 84 .2 1, .58 
LSDQ.05 3.2 NS NS NS 
SE 0.74 1 .45 1 .51 0 , .15 
Years 
1991 99 . 8 1. ,81 ab 
1992 92 . 0 a 91 . 8 a 2 , 21 a 
1993 72 .1 b 72 .7 b 1. , 00 b 
LSDQ,05 4 .4 3 . 3 0 . ,81 
SE - - - - 0 .95 0.73 0 . ,14 
different according to the LSD test (0.05). NS=not significant 
according to the F-test. 
^Based on randomized measurements on the whole harvest area in 
1991. 
^Based on measurements of the left wheat row in the harvest 
area. Average of 1992-1993. 
^Based on measurements of center wheat rows for the treatments 
3W:2S and 4W:3S in the harvest area. Average of 1992-1993. 
^Average of 1991, 1992, and 1993 combined. Lodging scores 
represent: l=all plants erect (90°), 2=25% inclination, 3=50% 
inclination (45°) , 4=7 5% inclination, and 5=all plants lodged 
parallel to the soil. 
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1W:1S arrangements, but it was significantly taller than the 
other arrangements (Table 3), No significant differences were 
observed in wheat height among relay intercropping 
arrangements. Compared with the mean of the intercropped 
arrangements (contrast CI), sole crop wheat was significantly 
taller (4.1 cm)(data not shown). Taller plants are normally 
expected in a sole cropping system where equally spaced plants 
compete strongly for solar radiation. Although not 
significant, taller sole wheat and sole oat plants were 
observed by Goldmon (1991) and Sarobol (1986), respectively. 
In skip-row patterns, less competition occurs for solar 
radiation due to the gaps left at a spaced number of rows, and 
satisfy the needs of solar radiation of each plant. 
Combined data from 1992 and 1993 were analyzed twice, 
once considering only the mean values of the left row of each 
spatial arrangement, and the other considering the second row 
of the treatments 3W:2S and 4W:3S. In both situations, year 
and spatial arrangements were the factors that significantly 
influenced the height of wheat plants (Table A7). 
Year effect in 1992/93: In 1992 plants were taller 
than in 1993 (Table 3). A severe disease attack at pre-boot 
stage in 1993 caused an early death of leaves that affected 
normal growth during the elongation period, resulting in a 
reduction in height. 
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Spatial arrangements in 1992/93: Sole crop wheat was 
taller than intercropped wheat for both rows analyzed. No 
differences among spatial arrangements were detected in 
intercropped wheat (Table 3). Contrast CI revealed that sole 
crop wheat was 9.7 and 9.6 cm taller than the average of 
intercropped wheat for left rows and center rows, respectively 
(data not shown). A small but significant reduction in height 
of intercropped wheat was also observed by Madden (19 89). The 
other contrasts did not present significant differences (Table 
A7) . 
Basically no differences were observed in using left 
rows from each arrangement or the second rows from 
arrangements 3W:2S and 4W:3S. Spatial arrangement 4W:3S 
presented the same height value in the two situations, while 
3W:2S was only 0.5 cm taller when the second row was used, a 
very small and not significant difference. Results suggest 
that competition for solar radiation was not very strong 
inside the intercropping arrangements with skip-row patterns. 
A reduction in the wheat population due to the frequent 
freezing and thawing cycles in winters 1992 and 199 3 could be 
the reason for the reduced competition for solar radiation. 
More intrarow space on the border rows would have facilitated 
solar radiation penetration to the second rows, almost 
eliminating competition for this resource. 
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Lodging 
Only year significantly influenced wheat lodging, while 
soybean planting date, spatial arrangements and the 
interaction of planting date by spatial arrangements did not. 
The contrasts evaluated did not detect significant differences 
between the means (Table A8). The lowest mean values for 
lodging were obtained in 19 9 3 due to the lower height of 
plants in that year (Table 3), resulting in plants less prone 
for lodging. No significant differences were detected between 
years 1993 and 1991. The highest lodging value occurred In 
1992 but it was not significantly different from year 1991. 
Wheat lodging was negatively correlated with yield (P=-
0.15)(Table A5). 
Soybean response 
Statistical analyses were performed with the combined 
data of three years for the variables grain yield, lodging, 
land equivalent ratio and Its fractions; with two years (1992 
and 1993) of combined data for pods per plant, seeds per pod, 
weight of thousand seeds, height and leaf area index; and with 
1991 data alone for the variables pods per plant, seeds per 
pod, weight of thousand seeds, height and leaf area Index. 
47 
Grain yield 
Year, soybean planting dates and spatial arrangements 
were the factors that significantly affected the soybean seed 
yield (Table A9). 
Year effect: In 1991 soybean seed yield was superior 
to the yield obtained in the two subsequent years, but no 
differences were found between 1992 and 1993 (Table 4). In 
1992, drought stress in May and June followed by an excess of 
rain in July (Table A3) and lower temperatures in July and 
August, were the main cause of the yield reduction. In 1993, 
the excess of rain from May through August was responsible for 
excessive vegetative growth that caused a higher level of 
lodging (Table 4). The lodged plants prolonged the vegetative 
growth which was detrimental to reproductive growth. 
Planting date: Soybean planting dates were 
responsible for significant differences in soybean grain yield 
(Table A9). The yield of PDl was similar to PD2 and 
significantly superior to PD3 (Table 4). The main reason for 
the low yield in PD3 was early frost at the end of September, 
when plants had developed to the R6 stage. This frost damaged 
the upper leaves of the canopy and caused early defoliation. 
Also, the drought period of May and June 1992 caused the death 
of soybean plants of PD3 in the spatial arrangement 2W:1S. A 
reduction in the stand and a retardation of the growth of the 
remaining seedlings occurred in the other spatial arrangements 
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Table 4. Mean values^ of yield and lodging of sole and relay 
intercropped soybean plants as affected by spatial 
arrangements and planting dates in combined data. 
Factors Grain Lodging^ 
yield 
kg ha -1 
Spatial arrangements 
Sole soybean 3575 a 2 . 19 a 
2W:2S 2841 b 1 .35 b 
4W:3S 2799 b 1 .58 b 
3W:2S 2682 b 1 .44 b 
IW; IS 2532 be 1 .46 b 
2W: IS 2174 c 1 .75 ab 
LSDQ.05 465 0 .51 
SE 157 0 . 17 
Planting dates 
PDl 3114 a 1, .47 
PD2 2901 a 1, .74 
PD3 2340 b 1, .66 
LSDQ.05 485 NS 
SE 123 0 , . 19 
Years 
1991 3088 a 1, ,23 b 
1992 2701 b 1, .47 b 
1993 2466 b 2 . 47 a 
LSDQ.OS 301 0 . ,39 
SE 83 0 , .11 
%eans followed by the same letter are not significantly 
different according to the LSD test (0.05). NS=not significant 
according to the F-test. 
^Lodging scores represent: l=all plants erect (90°), 2=25% 
inclination, 3=50% inclination (45°) , 4=75% inclination, and 
5=all plants lodged parallel to the soil. 
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of PD3. A wet and cool period after this dry period also 
contributed to the retardation of growth and development of 
plants that were more susceptible to frost damage before 
completion of the life cycle. Whigham (19 85) reported a 
soybean yield reduction with planting after heading and, like 
Sarobol (19 86), suggested planting soybean at the boot stage 
of oat. Pella-86 (maturity group III) should be replaced by 
varieties of maturity group II, when soybean is to be planted 
at the end of May or beginning of June to avoid losses by 
early frosts. 
Spatial arrangements: Very significant differences 
in soybean yield were observed among spatial arrangements 
(Table 4). Averaged across planting dates and years, sole crop 
soybean was clearly superior in grain yield compared to 
intercropped soybean. A significant difference between sole 
crop and the average of intercropped treatments was confirmed 
by the contrast CI (Table A9). The mean intercropped soybean 
yield was 7 3% of sole crop, the same value reported by 
Reinbott et al. (19 87) in skip-rows patterns, and very 
superior to the 20% obtained in solid stand in Iowa by Goldmon 
(1991). These results appear to confirm the superiority of 
soybean productivity in skip-row patterns compared to a solid-
seeded pattern, mainly by reducing wheat competition and by 
intercepting more solar radiation. 
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Soybean yields of spatial arrangements 2W:2S, 4W:3S, and 
3W:2S were not significantly different from IW:IS but they 
were superior to 2W:1S (Table 4). The contrast C2 detected a 
significant difference between the average of the two compared 
groups (Table A8). The spatial arrangements with two or three 
alternated soybean rows (4W:3S, 3W:2S, and 2W:2S) produced 394 
kg ha'l more than arrangements with only one alternated 
soybean row (1W:1S and 2W:1S)(data not shown). Those three 
spatial arrangements permitted more solar radiation 
interception by soybean plants while 1W:1S and 2W:1S had the 
tall wheat plants closely spaced to soybean plants competing 
strongly for solar radiation. The spatial arrangements with 
higher soybean yields had the lowest wheat yield, and vice-
versa (Figure 2), even though no statistically significant 
differences were observed in intercropped wheat yield. This 
suggests that practices or management that favor one crop in 
wheat-soybean relay intercropping system by increasing its 
yield normally results in yield reduction of the companion 
crop. 
Lodging 
Year and spatial arrangements were the factors that 
significantly influenced soybean lodging (Table A9). 
Spatial arrangements: The highest lodging score was 
obtained by the sole crop, and it was not different from 
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Figuj;e 2. Spatial arrangement effects on sole and relay 
intercropped wheat and soybean yields. Vertical 
lines above each bar represent one standard error. 
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arrangement 2W:1S, but it was superior to the other 
arrangements (Table 4). By comparing the sole the crop against 
the average of all intercropped arrangements through the 
contrast CI, sole crop soybean had a lodging score of 2.19, 
46% superior to intercropped soybean (data not shown). This 
result is opposite to that of Duncan et al. (1990) who 
reported increased soybean lodging in relay intercropping. On 
the other hand, Wallace et al. (1992) found no differences in 
lodging between soybean in sole crop and relay intercropped. A 
possible reason for higher lodging for sole crop was the plant 
population for sole soybean (equal to most intercropping 
treatments, see Table A2) that increased intra-specific 
competition and resulted in taller plants (although not 
significantly). Intercropped soybean plants were restricted in 
their growth due to inter - specific competition and were 
shorter than sole soybean, therefore, less prone to lodging. 
Intercropped plants could also be favored by the tall wheat 
stubble left in the field during harvest to avoid severing the 
tops of soybean plants. 
In 1993, lodging was greater than in 1991 and 1992. No 
significant differences were detected between 1991 and 1992 
(Table 4) . 
Plants are more or less susceptible to lodging according 
to the environment. Weather conditions, planting pattern, 
excessive fertilization, etc., are factors that may induce 
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plants to lodge, and may influence growth and development. 
Although not significant, sole crop soybean was taller than 
intercropped soybean (Table 11) in 1993, and could have 
promoted lodging. Excess moisture during late spring and 
summer of 19 9 3 induced soybean plants to develop longer 
internodes early in the season, making them more prone to 
lodge with the winds during August. Lodging reduces yield by 
causing increased harvest losses and inefficient use of solar 
radiation by the plant (Ritchie et al., 1992). Noor and 
Caviness (19 80) reported that induced plant lodging 
significantly reduced soybean grain yield at the R4 stage but 
not before this stage. In our experiment, lodging was observed 
when plants were at the R3-R5 stage. This observation 
strengthened our speculation that lodging could be the main 
factor that negatively influenced the sole soybean grain yield 
in 1993, even though the correlation with yield was not 
significant (Table A5). Correlation analyses accounted for 
three years and included all arrangements, not only the sole 
crop. 
Yield components 
In 1991, pods per plant (PPP) and weight of thousand 
seeds (WTS) were affected significantly by soybean planting 
dates and spatial arrangements. Significant interaction 
between planting dates and spatial arrangements was observed 
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for PPP. Seeds per pod (SPP) was not affected significantly by 
planting dates nor by spatial arrangements (Table AlO). 
Planting dates in 1991: The number of pods per plant 
in PDl was significantly superior to PD2 but not different 
from PD3. Planting date 3 and PD2 were not significantly 
different (Table 5). The weight of thousand seeds differed 
significantly each planting date, with PDl being superior to 
PD2, and PD2 being superior to PD3 (Table 5). 
Whigham (19 83) observed that these three components may 
vary according to the stresses that occur during development, 
but most of them interact and tend to compensate each other. 
Delay in planting was also signaled as a factor that may 
reduce the yield components. In 1991, PDl was the ideal period 
of soybean planting, so plants had more time to set pods and 
fill the grains. The delay for PD2 and PD3 (Table Al) reduced 
pods per plant and weight of one thousand seeds. Weight of one 
thousand seeds of PD3 was also reduced due to an early frost 
at stage R6 of development that damaged the upper leaves of 
soybean. Ritchie et al. (1992) observed that any stress from 
R6 to R6.5 may cause high yield reduction mostly by reducing 
the seed size, or WTS, basically confirming our observation. 
Spatial arrangements in 1991: Sole crop soybean 
significantly produced more pods per plant than all 
intercropped treatments (Table 5). This was confirmed by the 
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Table 5. Mean values^ of pods per plant, seeds per pod and 
weight of 1000 seeds of sole and relay intercropped 
soybean plants as affected by spatial arrangements 
and planting dates in 1991. 
Factors Pods per Seeds per Weight of 
plant pod 1000 seeds 
g 
Spatial arrangements 
Sole soybean 31 . 5 a 2 .30 201 .2 a 
4W:3S 23 , .6 b 2 .25 202 . 0 a 
2W: IS 22 , .4 be 2 .22 169 . 5 c 
3W:2S 21 .7 be 2 . 19 198 .7 a 
2W:2S 21, .4 c 2 .24 182 . 6 b 
IW: IS 21, .4 c 2 . 16 180 ,4 b 
LSDQ.05 2 , . 1 NS 8 . 8 
SE 1, .38 0 . 05 3 . 05 
Planting dates 
PDl 26 , 6 a 2 , . 18 219 . 3 a 
PD3 22 , .6 ab 2 , .20 159 . 1 c 
PD2 21, , 8 b 2 , 30 189 .9 b 
^05 4 , 0 NS 10 .6 
SE 0 , 53 0 , . 05 2 .70 
^Means followed by the same letter are not significantly 
different according to the LSD test (0.05) . NS=not significant 
according to the F-test. 
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significance of contrast CI, where the sole crop produced 9.4 
more pods per plant than when intercropped (data not shown). 
Also, spatial arrangement 4W:3S was superior to 2W:2S and 
1W:1S, but not different from 2W:IS and 3W:2S (Table 5). 
Significant differences were observed in weight of 
thousand seeds among arrangements (Table 5). Sole soybean, 
4W:3S and 3W:2S were equal but superior in weight of thousand 
seeds to the other arrangements. Arrangements 4W:3S and 3W:2S 
had four and three wheat skipped rows available for soybean 
planting, allowing more space for resource utilization than 
the other arrangements. Better utilization of these resources 
was exhibited by heavier seeds. Arrangement 2W:IS produced the 
lightest seeds among intercropped arrangements and was part of 
the group with the least pods per plant. With this 
performance, 2W:IS was expected to present low grain yield, as 
confirmed by Table 4. 
Contrast CI detected significantly heavier seeds (more 
14.2g) for sole crop compared to the average of all 
intercropped arrangements. Through contrast C2 it was noted 
that the seed of group 4W:3S, 3W:2S and 2W:2S weighed 14.2g 
more on average than the average of 2W:IS and IW:IS. By 
comparing 2W:1S and IW:IS, the significance in contrast C3 
detected that arrangement IW:IS was 10.9g heavier for one 
thousand seeds. When comparing the arrangements with more 
space for soybean growth, 4W:3S obtained significantly heavier 
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thousand seeds (+11.4g) than the average of 3W:2S and 2W:2S. 
The significance in contrast C5 showed 3W:2S with heavier 
seeds (+16.lb) than 2W:2S. From these contrasts, the 
production of heavier seeds by treatments with more skip-rows 
becomes evident: 4W:3S over 3W:2S, 3W:2S over 2W:2S and this 
one over IW:IS and 2W:IS. With more space to grow plants 
compete less with wheat for solar radiation and, also, can 
better utilize the resources around them. These contrasts were 
not significant for pods per plant, nor for seeds per pod. 
The significant interaction between planting date and 
spatial arrangements for pods per plant in 1991 (Table AlO) 
revealed that sole crop was significantly superior to other 
arrangements in PDl. In PD2 and PD3, no differences were 
observed among all treatments (Table 6). 
Significant correlations with yield were observed for 
pods per plant and weight of thousand seeds (P=0.03 and 
P=0.04, respectively)(Table A5). 
In 1992/1993 combined data, significant differences 
between years were observed only for pods per plant. Spatial 
arrangement influenced significantly the number of pods per 
plant (center row) and weight of a thousand seeds (center row 
and left row) (Table All), while planting date did not 
significantly influence any of the three yield components. 
Year and planting date in 1992/93: The number of 
pods per plant was significantly higher in 1992 than in 1993 
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Table 6 . Mean values^ of pods per plant of sole and relay-
intercropped soybean plants as affected by spatial 
arrangements and planting dates in 1991. 
Spatial Planting dates 
arrangements PDl PD2 PD3 
PODS PER 1 PLANT 
Sole soybean 51 . 8 a 20 . 8 22 .0 
4W:3S 23 . 8 b 23 . 1 23 . 8 
2W:1S 25 .5 b 20 . 4 20 .7 
3W:2S 18 .7 b 25 . 3 21.1 
IW: IS 20 . 8 b 19 . 8 23 .7 
2W:2S 18 . 8 b 21. 0 24 .5 
^^^0.05 11 .5 NS NS 
SE 3 .64 1. 15 1.48 
^Means followed by the same letter are not significantly 
different according to the LSD test (0.05). NS=not significant 
according to the F-test. 
for both lateral and center rows (Table 7). The May-June 1992 
drought stress caused reduction in the stand in plots of PD3, 
and the remaining plants partially compensated this failure by 
setting a greater number of pods. Although no significant 
differences in pods per plant were observed among planting 
dates, PD3 produced the highest values when using lateral as 
well as center rows (Table 7). This observation is consistent 
with Lehman and Lambert (196 0) who reported an increased 
nioinber of pods per plant when plant population decreased. 
Spatial arrangements in 1992/93: Significant 
differences in lateral rows were detected only for weight of 
Table 7. Mean values^ of pods per plant, seeds per pod and weight of 1000 seeds of 
sole and relay intercropped soybean plants as affected by spatial 
arrangements, planting dates and years in combined data. 
Pods per plant Seeds per pod Weight of 1000 seeds 
Factor Lef t^ Center^ Lef t^ Center^ Lef t^ Center2 
g g 
Spatial arranaements 
3W:2S 29 .4 29 .4 b 1.99 1.99 185.2 b 185 .2 b 
Sole soybean 27 . 3 27 .3 be 2 . 04 2. 04 206 .7 a 206 .7 a 
2W:1S 27 . 0 27 .0 be 1.96 1.96 172 . 0 b 172 .0 b 
2W:2S 24.1 24.1 be 1.97 1.97 173 .7 b 173 .7 b 
1W:1S 21. 8 21.8 c 1.99 1.99 17 8.0 b 17 8.0 b 
4W:3S 20.3 37 .9 a 1.92 2 .10 186 . 8 b 205 . 8 a 
LSDQ.05 NS 6 .6 NS NS 16 .6 17 . 3 
SE 2.6 2.2 0 . 04 0 . 04 5.4 5.7 
Plantincr dates 
PD3 29 .6 33 , 5 1. 88 1.94 17 2.4 176 .3 
PDl 24 .4 27 . 5 1.98 2 . 02 192 .1 194 . 3 
PD2 21. 2 23 .7 2 . 07 2 . 07 187 .6 191.7 
LSDQ.05 NS NS NS NS NS NS 
SE 1.32 3 .69 0 . 03 0 . 04 2.63 3 . 55 
Years 
1992 25.9 a 29 .9 a 2 . 01 2.06 187 .6 192 . 3 
1993 23 .3 b 25 . 2 b 1.93 1.95 179 .6 181.1 
LSDO.05 2.7 4.0 NS NS NS NS 
SE 0 . 58 0 . 88 0 . 03 0 . 04 2 .48 2 .67 
^Meansfollowed bythesameletterare notsignificantlydifferentaccording to the LSD-
test (0.05). NS=not significant according to the F-test. 
^Based on measurements of the left soybean row of the harvest area. Average of 1992/1993. 
^Based on measurements of the center soybean row of the harvest area of treatment 4W:3S. 
Average of 1992/93. 
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one thousand seeds (Table 11). Sole crop soybean produced 
heavier seeds than all intercropped arrangements. However, the 
intercropped treatments were not significantly different 
(Table 7). Similar results were also obtained by Goldmon 
(1991) and Elmore and Jackobs (1984), where intercropped 
soybean produced lighter weight seeds than sole crop soybean. 
The significance in contrast CI confirmed the superiority of 
sole crop soybean by having 27.1 more grams in WTS than the 
average of intercropped arrangements (data not shown). 
When the center row of arrangement 4W:3S replaced the 
lateral row, pods per plant and weight of thousand seeds 
showed very significant differences among treatments (Table 
All). Relative to pods per plant, arrangement 4W:3S was 
significantly superior to all other treatments, included sole 
crop soybean (Table 7). Arrangement 4W:3S obtained the highest 
PPP (center row) and the lowest PPP (lateral row). The drought 
stress in 1992 affected lateral soybean rows through strong 
competition for water and solar radiation from wheat, because 
they were planted very close to the taller wheat rows. The 
result was a delay in emergence and growth of these rows, 
which produced a very slender stem with less foliage than the 
center row. The center row suffered less wheat competition. 
Significant differences were obtained in contrasts C2 
and C4 for pods per plant (Table All). Contrast C2 showed that 
the average of treatments with two or more soybean rows 
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{4W:3S, 3W:2S and 2W:2S) produced 6.7 more pods than 
treatments with only one soybean row (2W:1S and 1W:1S)(data 
not shown). When comparing the average of arrangements with 
two soybean rows {3W:2S and 2W:2S) against 4W:3S (contrast 
C4), the latter produced an average of 11.1 more pods. These 
results reveal that the center row was very important for 
arrangement 4W:3S, which capitalized on the lack of 
competition in the space around it and produced more pods. 
Only contrast C4 showed significant differences for 
seeds per pod (center row)(Table All). This contrast revealed 
that 0.12 more seeds per pod were produced by 4W:3S (data not 
shown). This result confirms that if more space per plant is 
gained by plants in intercropping, these plants can better 
utilize natural resources and increase the yield through 
modification of yield components. 
Weight of one thousand seeds (center row) was 
significantly higher for sole crop soybean and 4W:3S than for 
the other arrangements, which were lower and equal to one 
another (Table 7). The reduction in wheat competition in 4W:3S 
(center row) permitted this row to take advantage of the open 
space created by the skip-row pattern and due to the shorter 
lateral soybean plants. Better solar radiation interception 
permitted this row to have the same or better performance than 
sole crop soybean. It was observed that arrangement 4W:3S 
(center row) produced more PPP and the same number of seeds 
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per pod and weight of one thousand seeds as sole crop soybean. 
On the other hand, strong competition from wheat inhibited the 
development of these three components of the lateral rows, 
which were the poorest in comparison to other arrangements. 
Significant differences in weight of one thousand seeds 
(center row) were found by contrasts (Table All). Contrast CI 
revealed 23 more grams for sole crop compared to the average 
of intercropped arrangements. Contrast C2 had the average of 
arrangements 4W:3S, 3W:2S and 2W:2S with 13.6g more in weight 
of thousand seeds than the average of arrangements 2W:1S and 
1W:1S. Contrast C4 revealed 26.Ig more for arrangement 4W:3S 
than the average of arrangements 3W:2S and 2W:2S (data not 
shown). In general, for left rows, contrasts among 
intercropped arrangements were not significant for the three 
yield components. When the center row replaced the left row in 
4W:3S, contrasts C2 and C4 were significantly different for 
the variables: pods per plant and weight of one thousand 
seeds. In both, the arrangement 4W:3S was involved and made 
the difference. These results confirm the intercropped 
arrangement 4W:3S as the best performance for the yield 
components when using center rows. The opposite is also true 
when using only lateral rows. Even though the lowest values 
for pods per plant, seeds per pod and weight of one thousand 
seeds occurred in lateral rows, the center row compensated for 
this negative effect. 
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Results obtained in 1991 for these three yield 
components were similar, with arrangement 4W:3S making the 
difference between the significant contrasts evaluated. 
Comparing the three year results, PDl seems to be the more 
appropriate to promote the best combination of yield 
components. Among intercropped arrangements, 4W:3S and 3W:2S 
arrangements produced higher values on average for pods per 
plant and weight of one thousand seeds, which is a reason for 
good performance in grain yield (Table 4). After examining the 
results of yield components (Tables 5 and 7), it was not 
obvious why arrangement 2W:2S had the best soybean yield 
(Table 4). Arrangements 2W:1S and 1W:1S, in general, produced 
the lowest values for yield components, as confirmed by final 
seed yield (Table 4). 
Weight of one thousand seeds was highly correlated with 
seed yield (0.71-0.75), while seeds per pod was not correlated 
(0.03-0.04)(Table A5). Pods per plant presented low 
correlation and was less important to the final seed yield 
than weight of thousand seeds. 
Height 
In 1991, soybean height was significantly influenced by 
soybean planting date and spatial arrangements in each stage 
of development measured. Significant interaction between 
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planting date and spatial arrangements at stage V4 was 
detected (Table A12). 
Planting dates in 1991; Significant changes in 
height were verified among planting dates with plant 
development (Table 8). At stage V4, plants from PDl were 
significantly taller than PD2 and PD3. An inversion occurred 
at R4 and R6 stages when PDl plants were significantly shorter 
than PD2 and PD3. The greater time of competition for light 
caused greater etiolation in PDl soybean plants at V4 stage 
and also a reduction in leaf area (Table 11). The time of 
wheat harvest relative to the stage V4 for each planting date 
was as follows: PDl=one week before; PD2=two days later; and 
PD3=two weeks later. After wheat harvest, PDl plants were less 
able to maintain the normal growth level at later stages when 
compared to PD2 and PD3 plants, due to the smaller leaf area. 
Plants of PD2 and PD3 also suffered some etiolation (see Table 
8), but they experience less competition from wheat. Thus, 
they had the ability to quickly recover the normal growth and 
developed a larger canopy at later stages. 
Spatial arrangements in 1991: Some inversion in the 
height of plants also occurred in relation to spatial 
arrangements in 1991 (Table 8). Sole crop soybean was the 
shortest at V4 stage, while 2W:1S was the taller. Some 
etiolation was observed in intercropped arrangements. The less 
space available for soybean to capture solar radiation in the 
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Table 8. Mean values^ of height of sole and relay intercropped 
soybean plants at V4, R4, and R6 stages^ as affected 
by spatial arrangements and planting dates in 1991. 
Factors Height 
V4 R4 R6 
cm cm cm 
Spatial arrangements 
Sole soybean 23 .5 d 66 . 8 a 95 . 6 a 
4W:3S 30 . 4 c 67 .0 a 86 .7 b 
3W:2S 31 . 5 be 64 . 1 ab 84 .1 b 
2W:2S 32 . 1 be 61 .2 b 81 . 3 be 
2W: IS 35 .2 a 61 .9 b 77 .2 C 
IW: IS 32 . 6 b 60 .2 b 77 .0 c 
LSDQ.05 2 . 0 4 .6 6 . 3 
SE 0 .69 1 .59 2 . 16 
Planting dates 
PD2 27 .5 b 69 . 4 a 86 .5 a 
PD3 29 .0 b 67 . 9 a 85 .9 a 
PDl 35 .7 a 53 .7 b 79 .0 b 
LSDQ.05 2 . 8 2 .7 2 .6 
SE 0 .70 0 .70 0 .67 
different according to the LSD test (0.05). NS=not significant 
according to the F-test. 
^Soybean stages of development: V4=third node with fully 
developed leaves; R4= full pod at one of the four uppermost 
nodes; R6=full seed filling the pod cavity at one of the four 
uppermost nodes. 
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arrangement 2W:1S explains the etiolation and greater height 
value. At R4, sole soybean and arrangements with more space 
available for soybean growth {4W:3S and 3W:2S) were 
significantly taller than the other arrangements. At R6 stage, 
sole soybean was taller than the all others arrangements, 
followed by 4W:3S, 3W:2S and 2W:2S. Wallace et al. (1992) 
observed that for two years the intercropped soybean were 
taller than sole crop plants at time of wheat harvest, that 
corresponds to the V4 stage in our experiment. They observed 
an inversion later. However, at the time of maturity sole crop 
and intercropped soybean were not different. Our results had 
sole crop soybean taller than intercropped soybean at 
maturity, confirming anterior results observed by Chan et al. 
(1980) and Duncan et al. (1990). The shortest plant at 
maturity belonged to the arrangements 2W:1S and 1W:1S whose 
space available for growth during overlapping period was 
smaller than for other arrangements. These results reflect the 
necessity of a good plant structure from the beginning of the 
life cycle to support the potential growth of the plant. The 
dominant component in intercropping will cause some shading 
and reduced growth on the second component. Reduced biomass 
production leads to less leaf area development that reduces 
its solar radiation capture. 
Significance in contrast CI at the V4, R4, and R6 stages 
revealed that sole crop soybean was 8.8cm shorter, 3.9cm 
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taller and 14.2crn taller than the average of all intercropped 
arrangements, respectively. In C2, the average of height of 
arrangements 4W:3S, 3W:2S, and 2W:2S was 2.5cm shorter, 3.1cm 
taller and 6,9cm taller than the average of 2W;1S and 1W:1S 
arrangements, respectively for stages V4, R4 and R6. Contrast 
C3 was significant only at V4 stage and revealed that 
arrangement 2W:1S was 2.6cm taller than 1W:1S, ratifying the 
results presented in Table 8. Contrast C4 revealed 
significance only for V4 and R4 stages. At V4, 4W:3S was 
shorter than the average of 3W:2S and 2W:2S, while at R4 it 
was 4.3cm taller. As the space for soybean growth was larger, 
soybean plants had a behavior similar to sole crop plants. 
In 1991 there was significant interaction between 
planting date and spatial arrangements at stage V4 (Table 
A12). Big differences occurred among intercropped arrangements 
in PDl, but no differences were observed in PD2 (Table 9). In 
PD3, 2W:1S was taller than intercropped arrangements, 
exception for IWrlS. Planting date 1 treatments were taller 
than PD2 and PD3 treatments. Sole crop was the shortest 
treatment in the three planting dates. The taller arrangements 
probably reflect the effect of shading from wheat. As these 
arrangements had less space for soybean growth between wheat 
rows, elongation of lower internodes occurred, as compared 
with sole crop. 
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Table 9. Mean values^ of height of sole and relay intercropped 
soybean plants at V4 stage as affected by spatial 
arrangements and planting dates in 1991. 
Spatial Planting dates 
arrangements PDl PD2 PD3 
HEIGHT (cm) at V4 
2W: IS 42 .7 a 28, .6 a 32 ,2 a 
1W:1S 39 . 1 ab 27 , . 9 a 30 . 7 ab 
2W:2S 38 . 6 ab 28 , .7 a 29 .0 b 
3W:2S 35 . 9 be 29 , 5 a 28 .9 b 
4W:3S 34 . 0 c 29 , .1 a 28 . 3 be 
Sole soybean 24 .0 d 21, .5 b 24 . 9 c 
LSDQ _ 05 4 .1 3 , .3 3 . 8 
SE 1 .31 1, , 03 1 .21 
^Means followed by the same letter are not significantly 
different according to the LSD test (0.05) . 
Combined data of 1992/93: In the analyses of 
combined data of 1992 and 1993, significant height differences 
were detected when using left row at R4 and R6 stages only for 
years (Table 13). When using the center row, year affected 
soybean height only at R6 stage, and spatial arrangements only 
affected height at R4 stage (Table 13). 
Year effect in combined data: At V4 stage in lateral 
(left) rows, no significant differences in height were 
observed among years (Table 10). At later stages, plants were 
significantly taller in 1993. A rainy summer in 1993 favored 
Table 10. Mean values^ of height of sole and relay intercropped soybean plants at 
V4, R4, and R6 stages^  as affected by spatial arrangements, planting dates 
and years for combined data. 
Height 
Factors Left row^ Center row^ 
V4 R4 R6 V4 R4 R6 
- - - - - cm 
Spatial arrangements 
Sole soybean 40.0 90. 7 96 .9 40.0 90, ,7 a 96.9 
4W: 3S 25.5 72 . ,5 86.2 37 .9 86 , . 3 ab 97 .7 
3W: 28 27 .7 72 . ,6 87 .1 27 .7 72 ,  6 be 87 .1 
2W:2S 22.3 61, , 5 77 .9 22 . 3 61, .5 c 77 .9 
2W: IS 22 .4 62 , , 8 76 . 0 22 .4 62 , . 8 c 76 . 0 
IW: IS 22 .7 63. , 5 78.2 22 .7 63, .5 c 78.2 
LSDQ.05 NS NS NS NS 18, .6 NS 
SE 4.23 5 .60 5.86 4 .64 6 . 08 6 . 0 
Planting dates 
PD2 24 . 5 75, . 3 86 . 0 26 . 2 77 .1 87 . 5 
PD3 29.7 65. , 8 83.3 33.5 69 .5 86 .2 
PDl 27 .4 71, , 8 83 . 3 28.7 73 .8 85.1 
'-SDQ_ 05 NS NS NS NS NS NS 
SE 1. 88 3 .44 1. 58 2.35 2 .25 1.0 
Years 
1992 28.4 67 , 3 b 79 .4 b 32 . 0 71 . 0 82 .1 
1993 25 .1 77 , , 0 a 91.4 a 25.2 77 .6 92 . 5 
LSDQ.05 NS 8, .2 6.9 NS NS 6.7 
SE 1.98 1 .82 1. 54 2 . 08 1 .91 1.4 
^Means followed by the same letter are not significantly different accoerding to the LSD-test (0.05). 
NS= not significant according to the F-test. 
^Soybean stages of development: V4=third node with fully developed leaves; R4=full pod at one of the 
four uppermost nodes. R6=full seed filling the pod cavity at one of the four uppermost nodes. 
^Based on measurements of the left soybean row into the harvest area. 
^Based on measurements of the center soybean row for the treatment 4W:3S into the harvest area. 
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great vegetative growth, while the drought in May-June 1992 
delayed the normal growth of the plants, reflecting in shorter 
plants. 
Spatial arrangements in corribined data: At R4 stage 
(center row), sole soybean was equal to 4W:3S but 
significantly taller than the other arrangements (Table 10). 
At a later stage, no differences were detected. Some contrasts 
in combined data were significant (Table A13). With left row, 
CI showed significance at stages V4, R4 and R6, with sole crop 
being 15.7, 23.7 and 15.4cm taller than the average of 
intercropped arrangements, respectively. With the center row, 
CI showed sole crop soybean 13.0 and 20.7cm taller than 
intercropped arrangements at stages V4 and R4, respectively. 
Contrast C4, with center row, showed 4W:3S taller than the 
average of 3W:2S and 2W:2S in 12.8 and 19.0cm, respectively 
(data not shown). 
Comparing Tables 8 and 10, we observed that the 
inversion of height of plants with development of the crop did 
not occur in 19 9 2/93 with planting dates, nor with spatial 
arrangements. The delay of germination of PD2 and PD3 
treatments due to the drought of May-June 1992 was coincident 
with wheat harvest, and basically reduced the competition for 
light. Due to the emergence delay, the vegetative period was 
shorter and the height of plants was shorter in 1992, compared 
to 1993. A possible reason for no decrease in height in 1993 
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was the low wheat plant population due to the winter killing 
temperatures. Fewer wheat plants permitted more solar 
radiation to attain intercropped soybean plants. 
Leaf area index (LAI) 
In 1991, LAI was significantly affected by planting 
date, spatial arrangement and by the interaction of planting 
date by spatial arrangement, at the R1-R2 stages. At the R3-R4 
stages, planting date and its interaction with spatial 
arrangements were the factors to affect LAI. At the R5 stage, 
only spatial arrangement induced significant differences to 
LAI (Table A14). 
Planting dates in 1991: Very significant changes in 
LAI occurred among planting dates (Table 11) . At the R1-R2 
stages, plants from PDl had significantly less leaf area than 
PD2 and PD3 plants. At the R4 stage this trend continued, but 
at the R5 stage no differences in LAI were observed among the 
three planting dates. The time of wheat harvest was coincident 
to stages R1-R2 for PDl. Plants of PD2 and PD3 were younger at 
that time. Thus, PDl plants suffered more competition for 
solar radiation from wheat plants than PD2 and PD3 plants. The 
increase in the length of competition caused etiolation of 
these plants (Table 8) and a reduction in leaf area (Table 
11). At the R4 stage, the increase in leaf area was 51% for 
PDl, and 55% and 35% for PD2 and PD3, respectively. At R5 
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Table 11. Mean values^ of leaf area index (LAI) for sole and 
relay intercropped soybean plants at three 
different stages^  as affected by spatial 
arrangements and planting dates in 1991. 
Leaf area index 
Factors R1-R2 R4 R5 
Spatial arrangements 
Sole soybean 3.3a 4.2a 4.4a 
4W:3S 2.1b 3.0b 3.5b 
2W:2S 1.9 be 2.8b 3.5b 
3W:2S 1.7 bed 2.5 be 2.9 be 
1W:1S 1.5 cd 2.9b 3.3b 
2W:1S 1.3d 2.0c 2.4c 
LSDO.05 0.5 0.5 0.7 
SE 0.16 0.19 0.23 
Planting dates 
PD3 2.6a 3.5a 3.4 
PD2 2.0b 3.1b 3.5 
PDl 1.3c 2.1c 3.1 
LSDo_O5 0.3 0.1 NS 
SE 0 . 07 0 .03 0 .17 
^Means followed by the same letter are not significantly 
different according to the LSD test (0.05). NS=not significant 
according to the F-test. 
^Soybean stages of development: Rl=Beginning bloom; R2=Full 
bloom; R4=full pod at one of the four uppermost nodes; 
R5=Beginning seed in a pod at one of the four uppermost nodes. 
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stage, PD2 and PD3 plants pratically stopped the increase in 
leaf area, while PDl plants increased 47% in area compared to 
R4 stage. The date in which the plants attained R5 stage was: 
PDl=8/9/91, PD2=8/22/91, and PD3=9/4/91. Since the soybean is 
a short day plant, the post - flowering reproductive development 
will respond mostly to photoperiod and also to temperature. 
This means that the shortening of days during summer will 
regulate soybean maturity. Due to the lowering of temperatures 
and the shortening of the days in August and September 1991, 
plants of PD3 and PD2 had reduced the time from flowering to 
maturation. As a consequence, these plants basically stopped 
the vegetative growth at the R4 stage while PDl continued to 
develop leaf area from R4 to R5 stages. The shortening of the 
reproductive period duration was reported by Major et al. 
(197 5) when plants of delayed planting experienced shorter 
daylengths and progressive cooler temperatures during seed 
development. At the R5 stage, no differences were detected 
among planting dates. Eventhough PDl soybean plants were 
shorter at R4 and R6 stages (Table 8), they were able to 
produce the same leaf area as PD2 and PD3 plants. 
Spatial arrangements in 1991: Sole soybean 
significantly produced more leaf area than intercropped 
arrangements at all stages of development measured (Table 11). 
This result confirms an early observation of Ali (1990) when 
he compared LAI of sole soybean against three relay 
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intercropped arrangements. It was also ratified by the 
significant CI contrasts at R1-R2, R4 and R5 stages (Table 
A14) that detected a LAI 94%, 56%, and 42% larger for sole 
crop compared to the average of intercropping arrangements, 
respectively. Among the intercropped arrangements, the same 
trend was maintained during the three measurements. 
Arrangements with two or three alternated rows (4W:3S, 
3W:2S, and 2W:2S) had larger LAI only at R1-R2 stage. At later 
stages no differences were detected. The lowest LAI value was 
obtained by the arrangement 2W:IS at all stages. When LAI of 
2W:1S arrangement was compared to IW:IS (contrast C3), it was 
detected a 45% larger LAI for IW:IS. This result is due to the 
difference in soybean interrow spacing between IW:IS and 2W:IS 
arrangements (0.50 and 0.75m, respectively). When soybean was 
planted at similar densities in sole crop, narrow rows were 
observed to attain greater LAI values (Weber et al., 1966), 
result also reported by Board et al. (1990). Intercropped 
soybean planted in a 2:1 skip-row pattern with wheat was 
observed to slow the rate of LAI increase compared to 
alternated rows due to more wheat competition. 
Interaction in 1991: At each one of R1-R2 and R4 
stages evaluated, significant differences in LAI occurred 
between arrangements and planting dates (Table 12). At R1-R2 
stages, it was possible to differentiate the six arrangements 
of PDl in three groups, with sole crop and 4W:3S group being 
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Table 12. Mean values^ of leaf area index of soybean at R1-R2 
and R3-R4 stages of development as affected by 
spatial arrangements and planting dates in 1991. 
Spatial arrangements Planting dates 
PDl PD2 PD3 
Sole soybean 
4W:3S 
2W:2S 
3W:2S 
IW: IS 
2W: IS 
.05 
SE 
LEAF AREA INDEX -
1.8a 3.9a 
1.9 a 1.7 b 
1.3 b 1.8 b 
1.1 be 1.8b 
1.1 be 1.5 be 
0.6 e 1.0 c 
0.5 0.6 
0.17 0.18 
R1-R2 
4.2 a 
2.5 b 
2.6 b 
2.2 b 
2 . 1 b  
2.2 b 
1.3 
0 .42 
Sole soybean 
4W:3S 
2W:2S 
1W:1S 
3W:2S 
2W: IS 
LSDo.O5 
SE 
LEAF AREA INDEX -
2.7 a 4.5 a 
2.8a 2.7 be 
2.2 ab 3.0 be 
1.9 ab 3.2b 
1.9 ab 2.8 be 
1 . 3 b  2 . 1  e  
1.1 0.9 
0.34 0.28 
R3 -R4 
5.4 a 
3.5b 
3.2 b 
3.4 b 
2.9 b 
2.6 b 
1.1 
0 .36 
^Means followed by the same letter are not significantly 
different according to the LSD test (0.05). 
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superior to all of them. In PD2, sole crop soybean was greater 
than all treatments, and the lowest group was formed by 
arrangements 1W:1S and 2W:1S. In PD3, sole crop soybean 
continued with larger LAI than the others arrangements. No 
differences were detected among intercropped arrangements. At 
the R4 stage the same trend occurred. Most of the arrangements 
were equal to sole crop in PDl with exception to 2W:1S. In 
PD2, sole soybean was greater than the intercropped 
arrangements, which presented some differences in LAI values. 
In PD3, sole crop was superior to intercropped arrangements, 
however, the intercropped treatments were not significant 
different. The same response was observed at R1-R2 stages. 
Leaf area index in 1991 was highly correlated with yield 
grain (P<0.0001)(Table A5). The spatial arrangements with the 
highest LAI values obtained higher yields, and vice-versa. 
In 1992/93 combined data, LAI was significantly 
influenced by spatial arrangements at the three stages, while 
year influenced R1-R2 and R4 stages (left row)(Table A15). 
When evaluating the arrangements including center row of 
4W:3S, spatial arrangements at the three stages and planting 
date only at the R4 stage were the only factors to affect LAI 
(Table A15). 
Year effect in 1992/93: When analysing left rows 
only, higher LAI values in 1993 than in 199 2 were obtained at 
R1-R2 and R4 stages. No difference between years was observed 
Table 13. Mean values^ of leaf area index (LAI) for sole and relay intercropped 
soybean plants at three different stages^  as affected by spatial 
arrangements, planting dates, and years in combined data. 
- Leaf area index 
Factors Left row^ Center row^ — 
R1-R2 R4 R5 R1-R2 R4 R5 
Spatial arrangements 
Sole soybean 5. ,2 a 6 , , 9 a 6 , , 2 a 5, 2 a 6 . 9 a 6 .2 b 
IW: IS 2 . . 2  b 4 , .4 b 4 , 7 b 2 . 2 b 4 . 4 b 4 .7 c 
3W; 2S 2 . . 0 b 3 , , 8 be 4 , , 3 be 2 . 0 b 3 . 8 be 4 . 3 c 
4W; 3S 1. . 1  be 3 , , 1 c 3 , , 0 d 5, , 3 a 7 . 5 a 7 . 4 a 
2W; 2S 1. ,7 be 2 . ,9 c 3 . ,6 cd 1. 7 be 2 . 9 c 3 . 6 c 
2W; IS 1, , 2 c 2 , .8 c 3 , .6 cd 1, ,2 c 2 . ,8 c 3 . 6 c 
LSDQ.05 0, ,6 1. . 0 1, , 0 0. ,7 1. ,2 1 .2 
SE 0 .22 0 . 34 0 . 34 0 .24 0 .43 0 .42 
Planting dates 
PD2 2 . ,7 4 . , 2 4 , , 2 3 . ,4 4 . . 8 b 4 . 9 
PD3 2 . . 4  4 . ,4 4 . , 5 3 . , 3 5. 6 a 5 .6 
PDl 2 . 0 3 . ,6 4 . . 2  2 . 4 4 . 1 c 4 . 8 
LSDQ.05 NS NS NS NS 0, 5 NS 
SE 0 . 54 0 . 16 0 .26 0 .67 0 . 08 0 .28 
Years 
1993 2 . ,9 a 4 , , 8 a 4 . , 1 3 , 2 5. , 1 4 . 3 
1992 2 . 0 b 3 . ,6 b 4 . ,4 2 . ,9 4 . ,7 5 .6 
LSDo.05 0 . 7 0. ,6 NS NS NS NS 
SE 0 .17 0 .14 0 .23 0 .26 0 . 34 0 . 31 
^Means followed by the same letters are not significantly different according to the LSD-test (0.05). 
^Soybean stages of development: Rl=beginning bloom; R2=full bloom; R4=full pod at one of the four 
uppermost nodes; R5=beginning seed in a pod at one of the four uppermost nodes. 
^Based on measurements of the left soybean row into the harvest area. 
^Based on measurements of the center soybean row for the treatment 4W:3S into the harvest area. 
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at R5 stage (Table 13). LAI values increased in 1993 from R1-
R2 to R4 and decreased at the R5 stage, while in 1992 there 
was an increasing trend from R1-R2 to the R5 stage. Visual 
observation in the field confirmed an early attainmemt of 
maximum LAI in 1993, due to the rainy summer that favored 
great vegetative development. In normal conditions, the 
maximum LAI was attained later in 1992. 
When analyzing the center row of treatment 4W:3S with 
lateral row of other treatments, no differences were observed 
between years. However, the same declination of LAI observed 
with left row after R4 stage was observed in 1993. In 1992, 
LAI values always increased from R1-R2 to R5. 
Planting dates in 1992/93: No differences among 
planting dates were observed with left rows (Table 13), but 
significance among planting dates was observed for the center 
row at R4 stage. Planting date 3 was superior in LAI to PD2, 
and PD2 was superior to PDl. A lower LAI value could be 
expected for PDl because these plants suffered more direct 
competition from wheat than the other planting dates. Plants 
of PD3 received less direct wheat competition and, 
coincidently, obtained the highest LAI. At the later stage 
(R5), no differences were observed among planting dates. 
With the exception of contrast CI that was significant 
at R1-R2, R4 and R5 stages, three other significant contrasts 
were detected only at the R5 stage (Table A15). Contrast C2 
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had the group with two or three soybean rows (4W:3S, 3W:2S, 
and 2W:2S) with less 0.7 LAI units than the average of the 
group formed with arrangements with only one soybean row 
{2W:1S and 1W:1S). The arrangements 4W:3S and 2W:2S had their 
lateral rows closer to a wheat row (12.5cm) than 2W:1S (25cm) 
and received more wheat competition. Contrast C3 confirmed 
that 1W:1S produced more leaf area than 2W:1S, as seen in 
Table 13. The larger interrow distance for 2W:1S is probably 
the reason for more leaf area. Contrast C4 confirm what is 
shown in Table 13. The arrangement 4W:3S produced less leaf 
area (1.0 LAI) than the average of 3W:2S and 2W:2S 
arrangements. The closer location of the soybean row to wheat 
rows caused the strong competition before wheat harvest. 
Very strong correlation (P<0.0001) was observed between 
LAI (left rows) and grain yield. In general, the treatments 
with higher LAI also presented higher yield, and visa-versa. 
Spatial arrangements in 1992/93: The left row 
results presented in Table 13 show a constant behavior of the 
treatments regarding to LAI. Sole soybean was always superior 
to all intercropped arrangements in the three stages measured 
and was confirmed by the contrast CI (data not shown). From 
R1-R2 to R4 stages small changes occurred among intercropped 
arrangements. The three arrangements with the lowest LAI at 
R1-R2 maintained this trend until the R5 stage. The same was 
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true for arrangements with highest values. It is important to 
observe that 4W:3S belonged to the group with the lowest LAI. 
When analyzing the center soybean row of arrangement 
4W:3S together with lateral rows of other arrangements, great 
changes occurred from R1-R2 stage forward (Table 13). 
Arrangement 4W:3S together with sole soybean had greater LAI 
than the others at R1-R2 and R4 stages. At R5, 4W:3S obtained 
a LAI equal to 7.4, a very high value that was close to the 
upper limit of the range (5 to 8) for LAI cited by Whigham 
(19 83). This value was greater than the LAI for sole crop. 
Sole crop also produced a higher LAI value than the other 
arrangements, which were not different among the intercropped 
arrangements. The significance in the contrast CI (Table A15) 
detected that sole crop produced a LAI 2.6 and 2.5 units 
greater than the average of all intercropped arrangements for 
stages R1-R2 and R4, respectively. No significant differences 
were detected at the R5 stage, mainly because arrangement 
4W:3S increased the average. Contrast C4 detected significant 
differences between means at the three stages evaluated. 
Arrangement 4W:3S produced 3.4, 4.1, and 3.4 more units of LAI 
than the average of arrangements 3W:2S and 2W:2S, for stages 
R1-R2, R4, and R5, respectively. These results are different 
from contrast C4 with lateral rows. The C4 contrast shows that 
the center soybean row can play a stabilizer role on the grain 
yield in a stress situation. The lower leaf area observed in 
81 
lateral rows due to wheat competition also affected the yield 
components (Table 7), which presented the lowest values in 
comparison with other treatments. The opposite was true when 
the center row of 4W:3S was used instead of the lateral row. 
The yield components were higher in this arrangement over all 
other treatments, including sole crop that was not affected by 
wheat competition. Arrangement IW:IS also presented a good LAI 
(Table 13) and an intermediate soybean yield among 
intercropped arrangements (Table 4). Arrangement 2W:IS was the 
lowest in LAI and lower in yield, confirming the needs of a 
good leaf area to intercept more solar radiation and increase 
the crop growth rate. The arrangement 3W:2S maintained an 
intermediate leaf area value (Table 13) that was reflected in 
the grain yield. On the other hand, arrangement 2W:2S produced 
less leaf area but obtained the highest grain yield over all 
arrangements, although it was not significant different from 
most combinations (Table 4). Other factor must be responsible 
for this result, but the available data (Tables 5, 6, 7, 11, 
12 and 13) does not give enough information to explain this 
highest yield. 
LER, SLER and WLER 
Land equivalent ratio (LER) is commonly used to assess 
the agronomic performance of an intercropping system. It 
expresses the relative amount of land area required by sole 
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crops to achieve the same production with the same input 
variables as intercrops. The LER values were calculated for 
all intercropped treatments as the sum of the soybean 
component (SLER) plus the wheat component (WLER). Each 
component was analyzed separately, and together as LER, to 
separate some possible treatment effects. 
The combined analyses of SLER, WLER, and LER detected 
significant differences among years but it did not detect any 
significant differences in spatial arrangements and planting 
dates. (Table A16). 
Year effect: The SLER component was higher in 1993 
and lower in 1992 (Table 14). The highest value obtained in 
1993 was almost equal to 1.0. The 1993 soybean yield was the 
lowest among the three years and the difference between sole 
and relay intercropping was also low. An already cited reason 
for lower sole soybean yield was the high lodging score in 
1993 (Table 4). 
The WLER component was greater in 19 91 and lower in 19 9 3 
(Table 14). The year 1991 was characterized by a rainy spring 
that caused a severe leaf rust infection on leaves of wheat, 
limiting its yield to an average of 1043 kg ha"^ (Table 2). 
The average of intercropped wheat yielded only 8% of the sole 
crop, so this component contributed significantly for the LER 
obtained that year. In 1993, WLER was almost half the value of 
1991 and contributed less to the total LER. 
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Table 14. Mean values^ of the soybean component (SLER), the 
wheat component (WLER), and the land equivalent 
ratio (LER) as affected by spatial arrangements, 
planting dates and years in combined data. 
Factors SLER WLER LER 
Spatial arrangements 
2W:2S 0 . 82 0 .70 1 .52 
3W:2S 0 .77 0 .73 1 .50 
IW: IS 0 .75 0 .72 1 .47 
2W: IS 0 .65 0 .75 1 .45 
4W: 3S 0 . 80 0 .60 1 .40 
LSDQ.05 NS NS NS 
SE 0 . 035 0 . 045 0 . 054 
Planting dates 
PD2 0 .77 0 .74 1 .51 
PD3 0 .77 0 .68 1 .45 
PDl 0 .75 0 .68 1 .44 
LSDQ.05 NS NS NS 
SE 0 .054 0 . 048 0 . 064 
Years 
1991 0 .78 b 0 .92 a 1 .70 
1993 0 .98 a 0 .47 c 1 .45 : 
19 9 2 0 .60 c 0 .64 b 1 .24 
LSD (0,05) 0 . 11 0 .15 0 . 14 
SE 0 . 024 0 .034 0 . 031 
^Means followed by the same letter are not significantly 
different according to the LSD test (0.05) . NS=not significant 
according to the F-test. 
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The LER values ranged from 1.24 to 1.70. The highest 
value was obtained in 19 91 and the lowest value was obtained 
in 1992. According to Vandermeer (1989), values higher than 
1.0 demonstrate advantages for the use of intercropping. 
Planting in solid stand, Goldmon (1991) reported a LER of 
1.18, with wheat as the greatest contributor (0,96). In our 
research, the soybean component contributed an average of 77% 
to LER, significantly more than the 22% observed by Goldmon 
(1991). This observation confirms that relay intercropping in 
skip-row pattern may be a good alternative to increase soybean 
yield when intercropped with wheat. 
We observed that years with unfavorable crop conditions 
resulted in high LER. For this reason it is important that LER 
always be accompanied by the absolute yields of the component 
crops to avoid some misjudgment about land use efficiency. 
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CHAPTER 5. CONCLUSIONS 
Field experiments were conducted at the Iowa State 
University Agronomy and Agricultural Research Center near 
Boone, Iowa in 1991, 1992, and 1993 to evaluate different 
management systems for wheat - soybean relay intercropping. The 
specific objective of this study was to determine the effect 
of soybean planting dates and spatial arrangements on yield 
and characteristics of wheat and soybean relay intercropped, 
and the agronomic efficiency of the systems. Soybean plantings 
were scheduled at the pre-heading, heading and post-heading 
stage of wheat development. Five spatial arrangements for 
wheat (W) and soybean (S) were evaluated: 1W:1S (one wheat row 
alternated with one soybean row), 2W:1S, 2W:2S, 3W:2S, and 
4W:3S. Siouxland was the hard red winter wheat variety planted 
each fall of the preceding harvest year. The soybean variety 
Pella-86, an indeterminate early maturity group III variety, 
was planted into the wheat each spring. 
Great variability in the monthly precipitation during 
the growing season of the three years negatively influenced 
both crops; by effect of drought or excess rain, or by the 
incidence of diseases on wheat due to the excess moisture. 
Wheat grain yield was significantly reduced (33% on 
average) when soybean was relay intercropped. However, the 
average reduction of grain yield was proportionally less than 
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the reduction on wheat plant population due to the 
introduction of skip-row pattern. These results imply that the 
remaining wheat plants compensated for the absent plants by 
better resource utilization when soybean was not competing. 
Relay intercropped soybean grain yield was significantly 
reduced and produced 73% of the sole crop. Compared to 
Goldmon's (1991) results that obtained only 22% of the sole 
crop soybean when intercropped into a solid stand of wheat, 
skip-row pattern is a better alternative for higher system 
yield in a wheat - soybean relay intercropping system. 
Soybean planting dates did not have a significant effect 
on wheat yield. However, soybean yield was significantly 
superior when it was planted at wheat pre-heading and heading 
stages, compared to post-heading planting. These results 
indicate pre-heading and heading stages of wheat as the best 
time to plant soybean in a wheat-soybean relay intercropping 
system. 
Higher soybean yield was obtained by spatial 
arrangements 2W:2S, 3W:2S, 4W:3S, and 1W:1S, and lower soybean 
yield was obtained by arrangement 2W:1S. Wheat yield results 
were not significantly different. 
Based on the yield values of both crops, it is difficult 
to recommend only one spatial arrangement as the best because 
it depends on the market value of the crops, management, 
machinery available, and weather. Spatial arrangements 2W:2S, 
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1W:1S, 3W:2S, and 4W:3S were very stable in yield for both 
crops and also presented a very high LERs, factors that 
reconroend them as good choices for farmers who look for 
stability of production. 
Better agronomic efficiency was obtained by wheat-
soybean relay intercropping compared to sole crops, as 
revealed by land equivalent ratio (LER) of 1.46. However, no 
significant differences in LER were detected among soybean 
planting dates and among spatial arrangements. 
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Table Al. Dates of soybean planting, 
and soybean harvesting. 
wheat development stage, 
Year Treatment Planting Wheat! Harvest 
date stage date 
1991 PDl 5/22 57 10/09 
PD2 6/03 73 10/09 
PD3 6/13 83 10/10 
1992 PDl 5/13 38 10/14 
PD2 5/22 47 10/14 
PD3 6/01 69 10/22 
1993 PDl 5/26 34 10/06 
PD2 6/09 53 10/06 
PD3 6/22 81 10/22 
^According to Tottman et al. (1979): 
34 - 4^" node detectable (STEM ELONGATION) 
3 8 - Flag leaf just visible (STEM ELONGATION) 
47 - Flag leaf sheath opening (BOOTING) 
53 - 1/4 inflorescence emerged (INFLORESCENCE EMERGENCE) 
57 - 3/4 inflorescence emerged (INFLORESCENCE EMERGENCE) 
69 - Anthesis complete (ANTHESIS) 
7 3 - Early milk (MILK DEVELOPMENT) 
81 - Early dough (DOUGH DEVELOPMENT) 
83 - Early dough (DOUGH DEVELOPMENT) 
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Table A2. Soybean seeding rate, final plant population and 
percentage of harvested/planted. 
Treatments Seeding 
rate 
Final plant 
population 
Harvested/ 
planted 
ha-1 ha-1 % 
(X 1000) (x 1000) 
Sole crop 540 353 65 
IW: IS 540 349 65 
2W:2S 540 323 60 
2W:1S 545 27 3 50 
4W:3S 405 268 66 
3W:2S 360 255 71 
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Table A3. Total monthly precipitation (P) and departure from 
30 year average (Dep) for 1991, 1992, and 1993 at 
Ames, Iowa. 
30 1991 1992 1993 
Month year 
average P Dep P Dep P Dep 
mm 
Jan 18.8 19.3 0.5 30.5 11.7 20.3 1.5 
Feb 24.1 4.3 -19.8 38.6 14.5 20.1 -4.0 
Mar 52.6 123.9 71.3 62.7 10.1 82.8 30.2 
Apr 86.4 232.9 146.5 99.1 12.7 65.0 -21.4 
May 111.0 131.8 20.8 26.4 -84.6 185.7 74.7 
Jun 129.8 106.2 -23.6 14.7 -115.1 193.8 64.0 
Jul 87.6 44.4 -43.2 259.1 171.5 416.3 328.7 
Aug 98.8 93.2 -5.6 56.6 -42.2 264.2 165.4 
Sep 81.5 59.9 -21.6 103.6 22.1 101.3 19,8 
Oct 58.7 84.6 25.9 13.7 -45.0 38.3 -20.4 
Nov 33.8 72.1 38.3 117.1 83.3 28.2 -5.6 
Dec 21.8 42.9 21.1 46.2 24.4 15.2 -6.6 
Total 804.9 1015.7 210.8 868.4 63.5 1431,2 626.3 
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Table A4. Mean squares from the analyses of variance of yield, 
weight of 1000 seeds and hectoliter weight of sole 
and relay intercropped wheat plants for combined 
data. 
Souice df^ Yield Weight df^ Hectolitei 
of of 1000 weight 
variation seeds 
Combined data 
Year or YR 2 85365081** 3213 .61** 1 221939 . 8 
Rep (YR) 5 60222 1 . 33 4 337 .7 
Planting date or PD 2 149068 1, .74 2 988 . 3 
YR * PD 4 124061 0, .94 2 97 . 5 
PD * Rep(YR) 10 86430 1, .51 8 250 . 5 
Arrangements or A 5 22555354** 1, .06 5 515 .6 
CI 3 1 10669820** 4 , .22 1 1523 . 5 
C2 1 186920 3 , 48 1 30 .2 
C3 1 666860 0 , .92 1 95 .5 
04 1 1672210 0, 52 1 336 .9 
05 1 429420 1. ,92 1 0, , 0 
PD * A 10 133706 0. ,69 10 219 . ,6 
YR * PD * A (Error) 30 505196 1. ,61 15 502 . ,8 
Residual 74 132597 1, , 08 52 191. ,4 
C.V. (%) 23.10 3 . 33 1. 80 
** = significant at the 0.01 level of probability. 
^Degrees of freedom from ANOVA of yield and weight of 1000 seeds. 
^Degrees of freedom from ANOVA of hectoliter weight. 
^Contrasts: Cl=All wheat intercropped versus sole crop wheat; C2=2W:1S + 
2W:2S versus 1W:1S + 3W:2S + 4W:3S; C3=2W:1S versus 2W:2S; C4=1W:1S versus 
3W:2S + 4W:3S; C5=3W:2S versus 4W:3S. 
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Table A5. Summary of correlation coefficients of several 
parameters with yield of wheat and soybean. 
Parameters Correlation 
Wheat 
Weight of 1000 grains (91/93) 
Lodging (91/93) 
Hectoliter weight (91/92) 
Height of plants (1991) 
Height of plants (lateral row) (92/93) 
Height of plants (center row) (92/93) 
0.25 
-0.15 
0.29 
0.30 
0. 35 
0.38 
0 .  0 0 2  
0. 07 
0. 003 
0. 03 
0.0009 
0.0003 
Soybean 
Lodging (91/93) 0.03 
Pods per plant (1991) 0.30 
Pods per plant (center row) (92/93) 0.18 
Pods per plant (lateral row) (92/93) 0.26 
Seeds per pod (1991) 0.04 
Seeds per pod (center row) (92/93) 0.03 
Seeds per pod (lateral row) (92/93) 0.04 
Weight of 1000 grains (1991) 0.29 
Weight of 1000 grains (center row) (92/93) 0.75 
Weight of 1000 grains (lat. row) (92/93) 0.71 
Leaf area index (1991) 0.51 
Leaf area index (center row) (92/93) 0.58 
Leaf area index (lateral row) (92/93) 0.73 
Height of plants (1991) 0.69 
Height of plants (center row) (92/93) 0.69 
Height of plants (lateral row) (92/93) 0.68 
0.77 
0. 03 
0. 09 
0. 01 
0.76 
0 .  8 0  
0.75 
0. 04 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
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Table A6. Mean squares from the analyses of variance of 
maximum height of sole and relay intercropped 
wheat plants measured in 1991. 
Source of variation df Height 
Rep 2 128 . 03 
Planting date or PD 2 86.22 * 
Rep * PD 4 11.66 
Arrangements or A 5 37.59 ** 
Cll 1 125.50 ** 
C2 1 0 . 09 
C3 1 35 .48 
C4 1 13 .40 
C5 1 7 .54 
PD * A 10 9 .95 
Residual 29 8 . 87 
C.V. {%) 2 .98 
*,**=significant at the 0.05 and 0.01 levels of probability, 
respectively. 
^Contrasts: Cl=All wheat intercropped versus sole crop wheat; 
C2=2W:1S + 2W:2S versus 1W;1S + 3W:2S + 4W:3S; C3=2W:1S versus 
2W:2S; C4=1W;1S versus 3W:2S + 4W:3S; C5=3W:2S versus 4W:3S. 
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Table A7. Mean squares from the analyses of variance of 
maximum height of sole and relay intercropped 
wheat plants for combined data. 
Source of variation df Height^ Height^ 
Combined data 
Year or YR 1 8551 .58 * * 7984 .24 
Rep (YR) 3 40 .64 23 .85 
Planting date or PD 2 1 .79 1 .27 
YR * PD 2 62 .64 69 .26 
PD * Rep(YR) 6 36 .15 27 .48 
Arrangements or A 5 243 .59 * * 236 .30 
Cl^ 1 117 5 . 13 * * 1148 . 06 
C2 1 2 .90 1 .63 
C3 1 21 .62 21 .63 
C4 1 0 . 11 1 .63 
C5 1 2 .64 9 . 18 
PD * A 10 15 .92 22 .29 
YR * PD * A 15 26 .36 20 .41 
Residual 45 23 .56 20 .99 
C.V. (%) 5 .77 5 .44 
**=significant at the 0.01 level of probability. 
^Based on measurements of the left wheat row in the harvest 
area. 
^Based on measurements of the center wheat rows for the 
treatments 3W:2S and 4W:3S in the harvest area. 
^Contrasts: C1=A11 wheat intercropped versus sole crop wheat; 
C2=2W:1S + 2W:2S versus 1W:1S + 3W:2S + 4W:3S; C3=2W:1S versus 
2W:2S; C4=1W:1S versus 3W:2S + 4W:3S; C5=3W:2S versus 4W:3S. 
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Table A8. Mean squares from the analyses of variance of 
lodging of sole and relay intercropped wheat 
plants for combined data. 
Source of variation df Lodging 
Year or YR 2 15.52 ** 
Rep (YR) 5 0 .96 
Planting date or PD 2 1.00 
YR * PD 4 1. 05 
PD * Rep(YR) 10 0 .45 
Arrangements or A 5 0 . 34 
Cl^ 1 0.72 
C2 1 0 . 94 
C3 1 0 .38 
C4 1 0 . 02 
C5 1 0 . 02 
PD *A 10 0 . 34 
YR * PD * A (Error) 30 0 .40 
Residual 74 0 . 20 
C.V. (%) 25.26 
**=significant at the 0.01 level of probability. 
^Contrasts: C1=A11 wheat intercropped versus sole crop wheat; 
C2=2W:1S + 2W:2S versus 1W:1S + 3W:2S + 4W:3S; C3=2W:1S versus 
2W:2S; C4=1W:1S versus 3W:2S + 4W:3S; C5=3W:2S versus 4W:3S. 
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Table A9. Mean squares from the analyses of variance of yield 
and lodging of sole and relay intercropped soybean 
plants for combined data. 
Source of variation dl yield lodging 
Combined data 
Year or YR 2 4670388 * * 15 .87 
Rep(YR) 5 316069 0 .52 
Planting date or PD 2 6293094 * 1 . 19 
YR * PD 4 701373 1 .65 
PD * Rep(YR) 10 157715 0 , .21 
Arrangements or A 5 3824435 * * 2 , .40 
Cll 1 17837484 * * 9 , .43 
C2 1 4095401 * 0 , .39 
C3 1 325502 0 , .88 
C4 1 23673 0 , . 52 
C5 1 295911 0, , 10 
PD * A 10 187973 0 , .35 
YR * PD * A (Error) 28 591821 0 , .70 
Residual 70 260890 0 , , 17 
C.V. (%) 18 .29 25 , 56 
*,**=significant at the 0.05 and 0.01 levels of probability, 
respectively. 
^Contrasts: C1=A11 soybean intercropped versus sole crop 
soybean; C2=1W:1S + 2W:IS versus 2W:2S + 3W:2S + 4W:3S; 
C3=1W:1S versus 2W:1S; C4=2W:2S + 3W:2S versus 4W:3S; C5=2W:2S 
versus 3W:2S. 
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Table AlO. Mean squares from the analyses of variance of pods 
per plant, seeds per pod and weight of 1000 seeds 
of sole and relay intercropped soybean plants 
measured in 1991. 
Source Pods Seeds Weight 
of df per per of 1000 
variation plant pod seeds 
Rep 2 5, .97 0 . 016 836, .48 
Planting date or PD 2 116, , 82 ** 0 . 064 16359 .53 • • 
Rep * PD 4 5, .01 0 . 046 131, .23 
Arrangements or A 5 140, .29 ** 0 . 022 1625, .48 •* * 
Cl^ 1 658, .78 ** 0 . 048 1508, .37 • • 
C2 1 0, .86 0 . 017 3805. ,17 • • 
C3 1 4 , .14 0 . 016 453 . 51 * 
C4 1 23, ,98 0 . Oil 781. ,75 
C5 1 0, , 35 0 . 006 1168. ,44 • • 
PD * A 10 179 . ,73 ** 0 . 021 93. ,56 
Residual 29 17 . ,25 0, .022 83. ,52 
C.V. (%) 17 , 52 6 , 66 4. 82 
*,** = significant at the 0.05 and 0.01 levels of probability, 
respectively. 
^Contrasts; C1=A11 soybean intercropped versus sole crop soybean; C2=1W:1S 
+ 2W:1S versus 2W:2S + 3W:2S + 4W:3S; C3=1W:1S versus 2W:1S; C4=2W:2S + 
3W:2S versus 4W:3S; C5=2W:2S versus 3W:2S. 
Table All. Mean squares from the analyses of variance of pods per plant, seeds per 
pod and weight of 1000 seeds of sole and relay intercropped soybean 
plants for combined data. 
Pods per plant Seeds per pod Weight of 1000 seeds 
Source of variation df Left^ Center^ Left^ Center^ Left^ Center^ 
Combined data 
Year or YR 1 176 . 05* 555 . 33* 0 . 1385 0. 2612 1090 . 11 2141 .24 
Rep(YR) 3 14 .27 32. 76 0 .0505 0 . 0579 250 .29 289 .04 
Planting date or PD 2 494 .74 622 . 84 0 . 1776 0 . 0840 2747 .61 2626 .11 
YR * PD 2 48 .67 381. 33 0 . 0266 0 . 0383 194 .30 353 .00 
PD * Rep(YR) 6 11 .60 28. 84 0 .0343 0 . 0426 132 . 88 114 .22 
Arrangements or A 5 16 3 .77 431. 81** 0 . 0206 0 . 0263 1791 .79* 2696 .40** 
Cl3 1 1110 . 09 9 . 83 0 . 0232 0 . 0112 9039 .59** 6519 . 22** 
C2 1 7 .73 713 . 30** 0 . 0060 0 . 0251 800 .29 2961 .64* 
C3 1 16 3 .20 161. 13 0 . 0053 0 . 0055 149 .28 153 .50 
C4 1 418 . 15 1224. 85** 0 .0350 0 . 1425* 509 .96 6726 .90** 
C5 1 202 . 80 203 . 05 0 . 0026 0 . 0030 957 . 86 961 .63 
PD * A 10 36 .21 42 . 40 0 . 0303 0 . 0489 217 .14 181 .20 
YR * PD * A 13 96 . 57 65. 50 0 .0189 0 . 0228 414 .66 451 .47 
Residual 41 57 .21 71. 78 0 . 0273 0 . 0276 325 .67 272 . 05 
C.V. (%) 30 .40 30 . 23 8. 34 8 .25 9 .79 8 .78 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^Based on measurements of the left soybean row of the harvest area. 
^Based on measurements of the center soybean row of the harvest area of treatment 4W:3S. 
^Contrasts: C1=A11 soybean intercropped versus sole crop soybean; C2=1W:1S + 2W:1S versus 
2W:2S + 3W;2S + 4W:3S; C3=1W;1S versus 2W:1S; C4=2W:2S + 3W:2S versus 4W:3S; C5=2W:2S 
versus 3W:2S. 
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Table A12. Mean squares from the analyses of variance of 
height of sole and relay intercropped soybean 
plants measured at different stages in 1991. 
Source of variation df Height 
V4 R4 R6 
Rep 2 0 .51 5 .51 52 .65 
Planting date or PD 2 336 .27 * * 1318 .80 * * 304 .53 * * 
Rep * PD 4 8 .83 8 .30 8 .03 
Arrangements or A 5 124 .84 * *  73 .22 •k 410 .13 * * 
Cll 1 577 .97 * * 113 .51 •k 1501 .96 * * 
C2 1 65 .90 * * 99 .81 * 497 . 84 * * 
C3 1 28 .45 * 12 . 10 0 .17 
C4 1 68 .96 * * 111 .46 •k 96 . 19 
C5 1 1 .59 37 .91 35 .44 
PD * A 10 19 .32 * *  46 .50 35 .81 
Residual 29 4 .31 22 .84 42 . 19 
C.V. (%) 6 .74 7 .52 7 .75 
*, **=significant at the 0.05 and 0.01 levels of probability, 
respectively. 
^Contrasts; C1=A11 soybean intercropped versus sole crop 
soybean; C2=1W:1S + 2W;1S versus 2W:2S + 3W:2S + 4W:3S; 
C3=1W:1S versus 2W:1S; C4=2W:2S + 3W:2S versus 4W:3S; C5=2W:2S 
versus 3W:2S. 
Table A13. Mean squares from the analyses of variance of height at different stages 
of sole and relay intercropped soybean plants for cortibined data. 
Source of variation df 
V4 
Left 
R4 
row^ 
R6 
•neigni-- - - -
V4 
Center 
R4 
row^ 
R6 
Combined data 
Year or YR 1 347 . 82 17 09 . 87* 2524 . 41 * 1175. 34 733 . 39 1879 . 34* 
Rep(YR) 3 158. 69 133 . 53 96 . 30 181. 77 153 . 78 89 .91 
Planting date or PD 2 147 . 54 793 . 16 100 . 29 315 . 93 567 . 10 62 . 05 
YR * PD 2 99 . 03 331. 31 69 . 59 154. 16 142. 32 33 .17 
PD * Rep(YR) 6 35. 60 46 . 57 30 . 67 48. 20 63 . 23 36 . 83 
Arrangements or A 5 418. 57 1296 . 79 529 . 11 580 . 25 1716 . 36* 89 0 . 88 
Cl^ 1 3040 . 82** 6903 . 12** 2921. 41 * 2082. 78* 52.62. 65** 2054 .47 
C2 1 115. 51 550 . 31 695 . 57 448. 46 17 88. 68 17 51 .71 
C3 1 0 . 53 1. 50 25.76 0 . 54 1. 50 28 .65 
C4 1 1. 56 268. 55 123 . 66 1619 . 27* 3577 . 36* 2227 .48 
C5 1 213 . 44 911. 32 613 . 14 213 . 70 915. 02 605 . 53 
PD * A 10 44 . 18 112. 64 91. 10 61. 58 112. 93 98 .41 
YR * PD * A (Error) 13 251. 10 440. 25 515 . 24 300 . 98 516 . 96 540 .65 
Residual 41 40. 50 86 . 00 62 . 18 36 . 22 79 . 59 59 . 15 
C.V. (%) 23 . 49 13 . 03 9 . 36 20 . 55 12 . 11 8 .91 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^Based on measurements of the left soybean row of the harvest area. 
^Based on measurements of the center soybean row of the harvest area of treatment 4W:3S. 
^Contrasts: C1=A11 soybean intercropped versus sole crop soybean; C2=1W:1S + 2W:1S versus 
2W:2S + 3W:2S + 4W:3S; C3=1W:1S versus 2W:1S; C4=2W:2S + 3W;2S versus 4W:3S; C5=2W:2S 
versus 3W:2S. 
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Table A14. Mean squares from the analyses of variance of leaf 
area index (LAI) of sole and relay intercropped 
soybean plants at three different stages measured 
in 1991. 
Source of variation df R1-R2 R3-R4 R5 
Rep 2 0 .19 1 .12 * * 1 .26 
Planting date or PD 2 8 .00 * * 8 . 84 * * 0 .46 
Rep * PD 4 0 .09 0 .02 0 . 55 
Arrangements or A 5 4 .41 * *  4 .69 3 .62 * * 
cii 1 19 .18 * * 16 .82 * 12 .81 * •* 
C2 1 2 .62 * • *  0 .93 1 .68 
C3 1 0 .17 3 .42 * * 3 .43 * 
C4 1 0 .24 0 .54 0 .54 
C5 1 0 .18 0 .40 1 .63 
PD * A 10 0 .52 * 0 .50 * * 0 .43 
Residual 29 0 .24 0 .32 0 .47 
C.V. {%) 24 to 19 .54 20 ,61 
*,**=significant at the 0.05 and 0.01 levels of probability, 
respectively. 
^Contrasts: C1=A11 soybean intercropped versus sole crop 
soybean; C2=1W:1S + 2W:IS versus 2W:2S + 3W:2S + 4W:3S; 
C3=1W:1S versus 2W:1S; C4=2W:2S + 3W:2S versus 4W:3S; C5=2W:2S 
versus 3W:2S. 
Table A15. Mean squares from the analyses of the variance of leaf area index (LAI) 
of sole and relay intercropped soybean plants at three different stages 
of development for combined data. 
Leaf area index 
Source of variation df Left row^ Center row^ 
R1-R2 R4 R5 R1-R2 R4 R5 
Year or YR 1 15 .01* 31 .21** 0 .86 1 .12 3 .78 26 .00 
Rep(YR) 3 1 .11 0 .80 2 . 18 2 . 82 4 .58 3 .96 
Planting date or PD 2 5 .90 2 .76 0 . 17 9 .56 8 .59 2 .42 
YR * PD 2 8 .07 0 .69 1 .85 12 .40 0 . 18* 2 .21 
PD * Rep(YR) 6 1 .76 2 .39 1 .98 2 . 80 7 .98 4 .65 
Arrangements or A 5 25 .15** 29 .43** 16 ,05** 36 .75** 45 .23** 24 .81** 
Cl3 1 142 .27** 142 .04** 65 83 .42** 77 .22* 24 .30 
C2 1 0 .00 3 .99 7 .80* 23 .32 16 .02 10 .20 
C3 1 5 .97 15 .16 7 .33* 6 .03 15 .48 7 .16 
C4 1 0 .41 0 .88 9 . 89* 113 .71** 166 .41** 113 _ 97 * * 
C5 1 0 .66 5 .83 3 .53 0 .63 5 .94 3 .55 
PD * A 10 0 , .75 0 .96 1 .20 1 .49 2 .29 1 .83 
YR * PD * A 13 2 .28 3 .99 1 .57 5 .24 9 . 00 5 .73 
Residual 41 0 .65 1 .60 1 .60 0 .83 2 .58 2 .49 
C.V. (%) 33 .59 31 .20 29 .43 29 .93 33 .14 31 . 10 
*,**=significant at the 0.05 and 0.01 levels of probability, respectively 
^Based on measurements of the left soybean row of the harvest area. 
^Based on measurements of the center soybean row of the harvest area of treatment 
4W:3S. 
^Contrasts: Cl=All soybean intercropped versus sole crop soybean; C2=1W:1S + 2W:1S 
versus 2W:2S + 3W:2S + 4W:3S; C3=1W:1S versus 2W:1S; C4=2W:2S + 3W:2S versus 4W:3S; 
C5=2W:2S versus 3W:2S. 
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Table A16. Mean squares from the analyses of variance of the 
soybean component (SLER), the wheat component 
(WLER), and the land equivalent ratio (LER) for 
combined data. 
Source of variation df SLER WLER LER 
Combined data 
Year or YR 2 1. 143** 1. ,906** 2 . 225** 
Rep(YR) 5 0 . 023 0 . 096 0 . 140 
Planting Date or PD 2 0 . 008 0 . ,079 0 . 084 
YR * PD 4 0 . 109 0 . 090 0 . 157 
PD * Rep{YR) 10 0 . 009 0 . 238 0 . 237 
Arrangements or A 4 0 . 072 0 . 063 0 . 049 
PD * A 8 0 , 069 0 . 056 0 . 059 
YR * PD * A 22 0 . 028 0 . 048(24)1 0 . 067 
Residual 55 0, 022 0 . 033 (59) 1 0 . 054 
C.V. (%) 19 . 38 26 . 10 15 .79 
**=significant at the 0.01 level of probability. 
Isince some soybean data were missing, number in parentheses 
represent degrees of freedom for WLER. 
